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,^ ^ , This, symposium includes the following? papers: 

Software for the Classroom: Issues in the Design of Effective 
Software Tools" (D. Midiah Kurland); "Computers f or « Composing" (Janet 
H. Kane); "LOGO Programming and Problem Solving" (Roy D. Pea); "The 
Computer as Sandcastle" (Jeanne Bamberger); "Learning LOGO Together: 
The Social Context" (Jan Hawkins); and "Research and Design Issues 
'Concerning the Development of' Educational Software, lor Children" - 
(Cynthia A. Char). The first four papers, preceded by an introduction 
by Karen Sheingold, are concernied with u^es of the computer in the 
classroom. Kurland argues. that tool software may be uniquely 
important for educatox^s to consider for equipping students to • 
function in this age of infQrmat|sn. Kane describes case studies of 
children using word processors for writing, 6nd comments on the 
similarities and differences between writing with and without 
computer technology. Pea discusses several different studies of 
children laarntn^ LOGO programming in classrooms and suggests- that it 
may be important for educators to specify the goals they want to 
attain by using computers in thiair classrooms. Bamberger explores the 
use of firogramming with students in various musical contexts: rhythm, 
»«loay» and romposition. The two remaining papers discuss the 
relationship between the computer and the social context <tf Which it 
IS. part. Hawkins disciftses. peer collaboration as an important context 
for learning and describes- LpGb programming as a facilitator of such 
collaboration. Char's papei; suggests some of. the variables that 
contribute to how software is used, as well as ways of designing 
spftware and materials to take account of classroom differences. Two 
discussants— James A. Leyin^ of the University of California at San 
Diego, and Joseph Glick, of the Citv University of New York— view 
tnis collection of papers through their own unique perspective/: 
Levin looks kt the potential of new technology for affecting learning 
exoeriences for students and Click brings a Piagetian developmental 
E^speetive to the research. (THC) s ^ > 
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INTRODUCTION 

Karen Sheingold 

, Center for Children and Technology 
&ank Street College of Education 



TUs symposium has been created by the staff and' friends of the 
Center for Children and Technology of the Bank Street ^Uege of 
Education. At the Center, we»conduct research about technology and 
the many ways in which it nay affect processes of learning and 
development, as well as the ]i e of the classroom. We are interested 
in better understanding what children bring to and get out of various 
kinds of computer-related activities, as well as in how to shape sudf 
activities for the benefit of students' and teachers. ^ 



'In the title of our symposium, we refer to the compu;ter as chameleon. 
We mean this in two senses. First, the microcomputer is like a 
chameleon because there are kiany uses to which it can be put in the 
classroom. It is these uses'—the computer as programming environ- 
ment, the computer as writing .tool, the computer as provider of drill 
and practice— and not^ "the computer" in some global sende which 
influence what kinds of research questions we can ask, and what 
kinds of educational hopes and expectations we have about the tech- 
nology. 

o 

One of the ways in which computers can be used in classrooms, 
although not yet a .common use, is as a tool to hdp students and 
teachers accomp^h some tasks they already want „ to do— such as 
writing. Tool software is thought to have practical value} that is, it 
helps /students and teachers do things with greater ease and/ or 
efficiency. |t may -also offer the possibility of exuding, amplifying, 
and makings qualitatively different the processes by which such tasks 
a^e executed. ' Midlan Kurland argues that tool v software may be 
uriiquely ^important for, educators to' consider for equipping students 
to function in this age of information. He outlines several uses of 
the computer,, and explores the potential of tool software for the 
classroom.' , 

The word processor is a particular tool which has been studied— and 
deVilDped— at Bank Street. Janet Kane describes case studies of 
children using word processors for writing, and comments on the 
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similarities and differences between writing with and without computer 
technology. She discusses the implications of these studies for the 
classroom use o^ word processors. 

A second way in which computers are used» and currently one of the 
most widespread uses, is for programming. The Logo language, in 
particul^, has generated excitement in the educational community 
becau8Q^e£' its pro'nlse for helping children learn much more than 
programming. RoyPea discusses several different studies on children 
learning Logo in- classrooms. • His paper raises deep questions about 
what, may be attainable via' programming in elementary classrooms. 
One clear implication is that it may be important for educators to 
specify just how they wish to use programming in their classrooms*-- 
the goals they want to attain — and structure the programming experi- 
ence with those goals in mind. 

Jeanne Bamberger, from the Massachuset^ Institute of Technology, 
believes that programming may be very useful for helping us to know 
in a more formal way what we already know at an intuitive level. In 
the domain of mtisic, she has explored this use of programming with 
students in va.vious contexts. • As a teacher, researcher, and musi- 
cian, she has designed programming experiences which help students 
understand in new ways what they alrea^ know about rhythm, 
melody, and coo^osition. ^ ■ - 

The computer uses explored in ^ the first four papers illustrate the 
first sense in which the computer is a chameleon— its uses ^ake many 
forms. There is a second sense in which this analogy is important ^ 
in the relation between the computer and the sodal context of which 
it is a part. The computer is both transformed by and transforms 
the social life of the dadsroom. Jan Hawkins has been particularly 
interested in peer collaboration as an important context for learning, 
and in Logo programming as a f^dilitMor of such, collaboration. Her 
paper points out some important ways in which using computers for 
Logo programaiing has affeetef .the classrooms she is studying. Yet, 
her speculative note about the ill-defined natur<» of computing in the 
work of ^the classrooqi is an appropriat caution io those who wish to 
draw longterm implications from these results. | 

The filassroom social context can have an important effect on how 
computer software is uiied. The very same computer language, tool 
software, or simulation can look remarkably different ih different 
classrooms. Cynthia Char has been , conducting research for an 
innovative project in mathematics and science education ; at Bank 
Street, and has had the opportunity to study the same piecej^ of 
software used in different classrooms. Her paper' suggests some of 



'.the variables which contribute to how software is used, as well as 
ways of designing software andz-iSaferials to take account of classroom 
differences. 

The discussants view this collection of papers through different 
lenses. James A. Levin, of the University of CaUfomia at San Diego ^ 
has also bee& lookiiig at the potential of new technology for affecting 
learning experiences for students. lie comments on his reading of 
these effects and the^ likely longevity. Joseph G^ick, of the City 
University of New York, in contrast, brings a Piagetian developmental 
perspective to the research. He uses the notion of assimilation to 
interpret the results, and argues that people's goals and intentions 
must be taken into account in any adequate formulation of what 
students, will learn .when th^y use oomptiters. 

This collection of papers' and comme^its represents, in my ytew, an 
important set of insights and issues for educators to consider when 
planning for the use of teclfcology in schools, ' In addition, it maps 
out, refines-, and redefines some of the most challenging research 
questions for Mhose interested in better understanding the potential 
and limitations of new technol^ies for influencing learning and 
education. ^ 
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SOFTWARE FOR THE CLASSROOM: ISSUES IN THE DESIGN OF 
EFFECTIVE SOFTWARE TOOpS* 

« P* Midian. Kurland -s^ 

Center for Children and Technology 
Bank Street College of Education 



According to current estimates, by the end of 1983 more thsin 
1,000,000 microcomputers will be in place in classrooms across the 
country^ . Spurred Jay \>wering costs as well as by pressure from 
parents and educational policy makers, schools are purchasing com- 
puter hardware at an accelerating ralte. As the price of peripheral 
devices such as disk drives and printers also falls, it is becdming 
possible to envision a time in which every classroom will have its own 
computer system. While the availability Oi! inexpensive and reliable 
compiler hardware is fast becoming a reality, the .future of microcom- 
puter teehiiol^gy in classrooms hinges on appropriately designed 
application software, and on how teachers are able to incorporate it 
into their classrooms. How well or how poorly available software 
helps teachers to accomplish their^ classroom goals will determine 
whether computers will be the poW(drful instructional force which its 
proponents foresee, or'* merely another educational inndvation that 
becomes nullified through p^ftial assimilation by the educational 
system. ./ ! * " 

Hpw well, then, is educational software keeping pace with the rabid 
increase in available hardware? Is there software appropriate, for t^he 
'many uses to which a computer can be put that is geared to the user 
environments of sch'x>ls? In general, the answef to both these ques- 
tions is no. ' If one takes a look at any of the educational computing 
magazines 0r talks to teachers struggling with their first computer, a 
general ib^ression emerges- that educs^tional softWare is often poorly 
conceived, ^buggy," difficult to use, difficult^ to integrate with the\ 
rest of th'i curriculum, and designed without isufficient regard for the; 
range ^f needs and abilities of students. While it would be unfair to 
the authors of the few interesting and well-executed educational 
programs to brand all educational software as inadequate, the fact 



'''Technical Report No. 15. 

^ • 8 

- 4 - 



remains that the vast majority of software produced for schools is 
amateurish, unimaginative, or both. ' ' . . 

.-^^'■^•--T 

What should a teacher or adjoinist^ator do about software when the 
first computers roUtJufottgH^ the door? How can nonspedalists make 
sense of the naouilfain' of available programs? How can they select 
programs^^^gh quality which fit with the educational philosophy 
^d^structional orientation of their schools? How can software help 
^^^--tfiose teachers who are new to computers better understand their 
potential applications? Clearly, before teachers and administrators 
can ^make intelligent decisions about what software to purchase ibr 
their computers, they must have clearer ways of thinking about what 
a computer is* for, and how different types of software reflect these 
different purposes. * 

There are at present three 'ways in which computers are being used 
in educational contexts-^as conveyers of content, as p^gramming 
environments, and as problem-orientated tods. Implicit in each use 
is a different model of what a computer is and what its rol e in t he 
classroom should be; "I ii^U briefly discuss th¥ first "two models-*- 
computer as tutor and computer as programming environment;' then I 
will discuss in more detail the third model— computer as' tool. Though* 
currently the most neglected of the three approaches, I wiU argue 
that it is this type of use which holds^ the most promise for computer 
use in the classroom* 

♦ I 

Computer as Tutor 

One of the earliest i^ses of computers in the classroom, and dtill the 
most widespread, is as a, delivery system for programmed instruction 
and drill-and*practice activities. The use of computers to deliver 
"courseware" has been promoted by many of the large educational 
publishers who want software that supports at.\d looks very much like 
. the textbooks they produce. Such uses of the computer are also 
promoted by most educational computing magazines and conferences 
through what they choose to focus their reviews and critiques on. 
When looking for classroom software, teachers frequently' first turn to 
the published software reviews that are provided by EPIE , Classroom 
Computer News , Electronic Learning , and other computer-oriented 
periodicals. These reviews focus almost exclusively on "instructional 
software" in the foim of drill-and-practice programs and/ or games. 
Putting aside the question of how to evaluate software— how to decide 
which features of different types of programs to evaluate; how to 
weight pluses and minuses of individual features in arriving at an 
overall rating; and how to maintain the consistency, quality, and. 
reliability of the reviewers— by following this path to acquiring soft- 



ware» the school inevitably ^nds up with a large number of indi- 
vidual, unrelated programs, each aimed at some specific skill or 
concept. Since approximately 90% of the programs . reviewed for the 
educational market are based on instructional drill-and-practice for- 
mats, the^e review efforts tacitly support*!' using the computer as the 
transmitter^ pf predefined content, and placing the student in the role 
of receiver or respondent. 

Computer as^ Programming Environment 

Using the computer to run packaged courseware, regardless of its 
quality, has many limitations. WMle it does give the classroom com- 
puter something to do, in many cases it is^ not clear th^ using the 
computer in this way has any real advantage over older ixistructional 
technologies such as flashcards and workbooks. In contrast, ^ there is 
a growing contingent of, educators who choose to bypass the issue of 
what software to use by having their students focus all their efforts 
on learning a , programming language such as BASIC, Logo, < or 
PASCAL., This approach i^has the advantage of being ine:fiepen8ive, 
fiance most ieomputers comb .with' one or more languages installed, and 
students of all ages can. In theory, be taught the same language 
using the samcT software. Further, kndwing how to program > com- 
puter is a valued skill outside of the school, whereas knowing how to 
sit through a drill-and-practice lesson is not. Finally, learning to 
program may teach the student something abotxt logic, reasoning, and 
problem solving that can potentially be applied in domains far removed 
from programming.' ^ 

Using the computer to teach about computers and programming does 
have its merits. However, this, approach provides students and 
teachers with a . rather narrow view of what a computer is for and 
w^at it can do. Further, progralmming, especially for novices, is a 
difficult activity to put into a coni^ext that makes clear the goals and 
purpose of learning to program. Prpgramming a computer is difficult 
work. It takes a great deal of time and effort before a student is 
capable of using his or her programming skills in the service of real 
problems in other curriculuto areas.. Commercial software programs 
exist precisely so that one does not have to spend hours or days 
writing a program, each time there is a problem to be solved. It is 
unrealistic to- deny students the use of commercial software and, at 
the same time, expect them to use the computer to assist them in 
their coursework. Thus* unless the teacher has the time and is 
highly skilled at preparing programming "microworlds," programiqing 
tends to reqiain a separate subject that must be taught in addition to 
the rest of the qtirrictilum. This puts a significant strain on §lready 
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overburdened teachers who may not even have enough time for teach- 
ing the traditional subjects such as science and social studies. 

Opting for the programming route also runs into the problem that 
students are introduced to programming in a manner which bears little 
^resemblance to the way programs «re actually written by professional 
programn^ei^s. No experienced programme would ordinarily write a 
prograiii without a software library of programming utilities and aids. p.— ^ 
A progMumning language is merely one part of a complete programming ^7 
environment that should include program editors, debugging utilities* 
simulators, graphics and' music editing systems* and special input and 
dpcumenthig jcoutines. to sp,ee<i coding . Using the computer to 
teach programming does not eliminate the need ior software; it simply 
changes the type of software needed. 

' ' • .' '. • ' 

Computer as Tool i 

An alternative way of conceptualizing the role of the computer in the 
•classroom is •to think of it as a flexible, reconHgurable tool. A tool, 
by definition; is* anything that a person can use to get a job done 



tools to help the stumnt through the curriculum. Math tools such as 
the protractor, ruler, and compass help the student to acquire the 
concei^ts o{ geometry and measurement. Similarly, pencils, erasers, 
scissors, and tape are tools that assist 'the student to produce and 
revise texts. Just as these traditional instructional tools can be used 
in the service of a diversity of curriculum goals, the computer equip- 
ped with tool software can serve many purposes. The class of tool 
software consists of programs which turn the ^mputer into a word 
processor, calciilator^ music system, data organizer, graphing system, 
note taker, or bulletin board. Nqho of these types of programs 
teaches a specific content, but neither are they to 'be used purely as 
an adjunct to the regular curriculum. By serving established nSeds, 
such as creating and revising a composition or producing a grjiph of 
a simple function > tool software is easily understood and assimilated 
by teachers and, students regardless of their prior level of experi- 
ence. / 

■ • • / 

Rather than replacing the teacher— the implidt goal of the computex'- 
as-tutor model—the computer-as-tool model puts the teacher back into 
the thick* of the educational process, armed with an enlarged array of. 
powerful instructional tools. However, while the idca^ of usthg the 
computer as a t<^ol for many different purposes is appealing on a 
number of levels^ the quality of available software tools poses a 
serious problem for the educator. Put bluntly, there are almost no 
software tools which have been produced for the e<[ucational market. 




Schools aris full of specialized 




and what there are ^nd to be poorly thought out and difficult to. 
use. However, inany extremely powe^ul and well-executed softw*are 
tools have beep, created for the business world. While educational 
publishers are churning out programs that look like workbook pages, 
business programmers are producing powerful, yet easy-to-use tools. 
These software tools not only facilitate traditional busingjps activities, 
but make possible whole new types^f activities that, pre^ously, were 
either too iime consuming and/or too difficult to be practical. 

Consider, for example, the VisiCalc prograqn. Throughout the sixties 
and early seventies, computerized busihess systems replicated func- 
tions done by older technologies (payrolls, inventories, mailing list.s, 
etc.). Simil^ly« most current educational software replicates the 
type of dxiU^and-practice acQvijties previously done with flashcards or 
w«>rk8heets. The early users of business systems* had little experi^ 
ence with ^e capabilities of the technology; hence, they demanded 
ndthing more innovative. • ^ 

However, when VisiQalc was introduced in the late seventies, it began 
to change the way the business world thought about the coQnputer. 
Designed as a general-purpose accountings^ program, VisiCalc was easy 
to U0^, even by those with no previous computer experience. Mpre 
importantly, it fadU^ted the manipulation of information in ways that 
^ere novel to users. They could now model a wide, variety of situa- 
tions by systematically varying, the design of the psJeometera* The 
program automatically calculated and displayed the effect of^,^hanging^ 
one parameter on the remaining variables in the mo^el-.- This piece of 
software prpvided new means for thinkin|^,,.abdut and manipulating 
information; simultaneously, it made^iise^aware of the novel func- 
tions^ of the' computer. ,1^-^'^ 

VisiCalc has been followed by a whole generation of , innovative office 
software. Re^itidnal data-base ' management ^sterns, sophisticated 
word pr^ces^s, and electronic mail and other communication systems 
are^Wamples of programs which, over the past few years, haVe radi- 
cally altered information use and management in the busii^ess world. 

The VisiCalc example yields an important lesson about the interaction 
of software and' context. The software was initially recognizable and 
usable as something that fit into the work needs of managers and 
epcecutives. Yet, the experience of exploring and exploiting the 
potential of the software yielded something mt^ch more powerful^^than 
numbers ari-anged neatly on the page— namely, new wa^ of^ thinking 
'about business information. 



Such developments should also be possible in the educational realm. 
However, .until pi^ducei'S of .educational software begin to produce 
more ' software tool«, it will be necessary for educa.t^rs to seriously 
consideir^' pxloducts developed for .other ,market8 and types of users. 
For the. present, an interesting 'problem . facing educators is how to > 
adapt fhe professionally developed products created for the business 
market to tt^e needs of teachers. . ' 

What ' is neelflecL is software which teachers can immediately see as 
helping'' to 4o the Current work of the classroom, but which also 
supports new ways of working, teaming, and teaching. An important - 
go^ foiS software being produced for today's classroom is it teach 
' the child, but also illustrate the open-ended pote'ntial ot this tech- 
nology for teachers. 

A word processor is a wonderful example, of just auch a program. It 
does ndt introduce a new activity into the classroom. V([rittng is 
^ply accomplished thf'ough a different medium. Studies wider way 
in >ur labQratory indicate that with the right software, students can 
start writing on the computer the day it comes into the room. Stories / 
that were started on paper can * be moved 6nto the word processor 
with little trouble. 'The teacher need not invent ^ew activities, new 
projects, or take time to teach ar new subject before stui^ents can use 
the computer. , 

■ V • ^ . 

Compared to the many other potential useSrel^e classroom computer, 
woAl processing is relatively easy for noncompulbr^t^ei^enced teach- 
ers to try. However, while using -a word processor miy^lnitially seem 
like simply substituting the keyboard for the pen, once sisud^ttts start 
using the word processor, unanticipated effects begin to appear. For 
example, in a recent study, a teacher reported that when the coiA- 
puters came'inio her claissroom, she found herself .immediately starting 
to correct the stjudents' papers i^ ink .instead of ^encH, Asking them 
to rjBvise their work loi^ger required a tnajor production effort from 
the students. Marking up a te^t didmot mean requiring the student 
ta recopy^ it. This immediately freed the teacher to request more 
specifii: revisions frdm the students. Students reported,* and 'their 
writing results appeared to ^ indicate ,^ that they wrote longer pieces 
and revised ,th«ir writing more often when they could use tl^ word 
processor. There also was^ a greater tendency to • collaborate on a 
piece of. writing and to read each other's writing since*^to do so was 
now much easier with the availability of ^yped copy and text dis- 
played on a large screen. ° 

The teacher discovered=^ ik^t conferences at the compute/ with the 
student's text on the screen was a wonderful way to display, discuss, 
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and revise a piece of writing. Changes codld be made as they werp 
discussed. At the end of the cpnierence, ths stadent had a typed, > 
revised copy instead- of a tnarke^-up piece of paper to be recopied.. 
Thus, working with a word processor began to change how the writ- 
ing process took place in the classroom on nutaiber of levels, in 
addition to facilitating the mechanical aspects of producing a text. 

Besides creating new ways for teachers and students to think about 
certain activities, software tools can alsjo be used in more traditional 
ways when appropriate. Use ti a wordsprocessor need not be limited 
simply to composition. By preparing paragraphs, sentences, or word 
lists and th«^r storing them in files on a diskj. a teacher can create 
grammar, ppsliing, and ^style exercises, tailored to the needs of indi- 
vidual students or to the whole ^dass. This type of tool software can 
accomplish more effectively what a stack of dxill-and-practice language 
arts programs are required to do, while at the same time acquainting 
the , student with a tod that can be applied to a wide range of prob- 
lems in the future. ' * 

Word processors are good examples of sqftware topis which, though 
originally developed for the office environment, can be and have been 
brought into the classroom and utilized effectively. However, soft- 
ware designed for one environment is not alway6--wdl~s^ted for 
another. In the case of word pr o ce ss or s , t ya ny h ave -been designed 
around the needs ^f secretaries. These programs are intended to be 
used on a dailyt^basis to enter, revise* and print someone else's text 
using powerful but complex editing and formatting commands. Thus, 
these word processors are often unnecessarily complicated — difficult to 
learn or to remember how to use. Similarly, systems for office use 
may indude functions that, while useful in the office, may not be 
educationally sound in the classroom. Consider the example of pro- 
grams which can catch spelling errors in documents. 

The cun^ent state of the^ art allows the user of a microcomputer to 
check a kocument against a 20- to 50-thou8and word dictionary stored 
on a floppy disk. The program can mark each word in the document 
that is not in its dictionary, suggest a more likely spelling, and make 
the correction with or without the student's assistance. In addition, 
such programs can evaluate grammar, word usage, sentence struc- 
ture, tone^ and a number of other stylistic parameters which might be 
of interes^ to the writer. Because currently available computer 
^ftware c^ do such tasks for the writer, educators are, forced to 
think hard about what it is we want tool software to do. Will the use 
of these spelling checkers seriously lower the spelling ability of 
students? If it does this really matter any more since we have 

spelling checker's? Or . should schools insist on spelling checkers 
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-ghich^a i m ply rfiport h ax mV i n y flit flpiHniia wnrj o / gre in a text or in a 
paragraph and leave it to the student to-tf y taT find them? Or) should 
the dictionary be ay^able only fori, studente^ look up spedfi^ words 
that they i^e unsure or^s* they wcite? / 

I . ! / 

In light of the -almost totaT lack of .research into such issues, it seems 
that the best option at this point Js for software designers to imple- 
ment each of these levels of spelling checking, and let the individual 
tf icher set the program for the type ol assistance the students can 
have. In this way, the teachei' could make available an on-line 
dlctiouary while the student is Writing, and *let the student use the 
automated proofreading facilities ^^only afte^ final drafts Of a piece of, 
writing have been accepted. 

% . ■ * 

Today, if a teacher uses a spelling program in . the dassroom, he or 
she has little control over the form of assistance it provides'*. None- 
theless, until ' spelling checkers are developed that are sensitive to 
instructional needs, the currently available spelling checkers, if used 
creatively, can be effective in helping stud^i^ts with their writing. 

Wor4 processors ^d spelling checkers are examples of tools which 
prlmu^^ iadfitate the production end of the writinjg process. Dif- 
l^ent types of existfiig software tools can bl^used to facilitate other 
aspects of writing. Data-base management systems, for example, can 
be employed effectively as priewriting tools to help the student col- 
Ject, organize, and discover patterns axid .relationships in information 
before beginning a report. Simple to l^am and use, data-base sys- 
tems have existed for the .popular microcomputer for the past several 
years. They can be used collectively by a class to enter information 
on some topic— for example, Marine aiMmals—after which students, 
Individually dr in spiall groups, can interrogate the data base as a 
means 6i exploring such questions as^ What mammals live in the 
ocean? Do carnivores tend to live dose to the shore? What kinds of 
sea animals have commerdal value? and so^on. Reports generated by 
data-base systems can then be used as notes for the students when 
they write up their findings. 

Tools such as data-base management system's do not teach about a 
subject, nor do they directly lead the student into entering the best 
information in the best way mr in frami^ig the best searches for that 
information. They simply make it more possible for that io happen. 
However, not all writing tods need to be this open-ended v For 
example, the Planner, one of the Quill Writing Programs being devel- 
oped at Bolt Beranvk and Newman, Inc^, helps students to consider 
the types of informat!j|i^n^ to include when doing a spedfic type of 
writing. Planner fadmates the precomposing stage of the writing 
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process Jay -helfiing^ the atttdent d e cid e what con t e nt to include tn hi^; 
'or her writihg through a process of electronic brainstorming.- The 
program i^ designed with a series of templates which can be modified 
or added to by the teacher or students. Each template is used, for a 
different type of writing or subject a^ea» such as a moide review » 
persuasive essay » or newspaper story. The student selects one of 
the Planner templates* and thep is asked a series of pertinent queis- 
tions. about the selected topic. For example* the teacher can set up a 
Planner template for marine animal reports. When the student uses 
the Plainer program* a series of questions appears on the screen 
which might request that the student type in the topic* the animal to 
be discussed) two of its characterising features* two wa^s in which it 
is of importance to man, what it likes to eat* wherd It lives* and what 
is special about it. When the student is finished with the Planner *, a 
copy of the propipts and the student's answers is printed out as an 
outUne to be us^d when writii^ the report . 

Conclusion \ . 

■m 

While the focus of this paper has been on tools to facilitate the writ- 
ing procjess* powerfid softw&re to61s that put thk user in contrd of 
the computer exist for many purposes. They are' available for music* 
graphics* math* communicationc* and many other domains. Unlike 
most of' the software that is finding its way into schools* tool software 
represents an open-ended potential .limited only by thK imagination of 
the teachers and students who use it* A program such as Spelling 
Demons * which drills students on the 100 most frequently misspelled 
words* can never do any more'^than that. However, a word processor 
for approximately the same pric^ can be used not Only for spelling 
lessons* but for other activities as well by children of most* grade 
levels and abiliti|es, 

Ths greatest strength of the computer lies in the fact that it 'can be 
quickly reconfigured to be- many different kinds of tools—word proc- 
essor* graphics editor* data collector* music composition aid, calcula- 
tor, alhd proofreader, as wdll. as tutor or tester. When considering 
what software, to use with the classroom computer, the issu^ is not 
simply what c<^ntent area the software addi'esses, but how thje content 
is approached, « how much « control ,the student has, and how wide a 
range of uses the program serves. In order to improve and better 
understand the use of software in classrooms, research is needed to 
analyse the current software tools being used in schools; to evaluate 
the many other software tools which are currently available, irrespec- 
tive of their intended audience} and to develop ' better means of 
integrating software tools into the classroom context. - As our society 
moves into the information age in which access to information will lie 
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mediated more and more through computers, teaching students to use 
software tools effectively wiH become "an increasingly lij^portani role 
for schools. It is time for both educators and software producers to 
recognize this, and to begin a serious effort to develop the tools tha^ 
willr p^o^ide access to this rapidly approaching worlds' / 
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COMPUTERS FOR C0MPQSIN6*,** 

Janet H* Kane 

Center for Children and Technology 
Bank Street College of Education*"** ^ . ' 

Introduction • 

Experienced 'writers compose in many drafts. They"^ revise early 
draft's structurally and conceptually, and modify individual words and 
sentences in later dr^s ' (Bartlett* 1981! Calkins, 1979} Graves, 
1978; Nold, 1981). The goals of this process are to expbre and 
clarify ideas and to create a written text that communicates effectively 
with the intended au'dience* For expert writers, the composing 
process, with its components of planning, writ^g,' and revising, is 
reader-directed and iterative, incorporating a wide variety of stratQ-^ 
gies for revision. 

'Students' models of the composing process contrast sharply with those 
of skilled writers. Students strive to ^ake their compositions "right" 
the first time (Shaug^nessy, 1977). Before starting to write, they 
mentally 'organize their ideas. Their goal Is to tell what they know 
rather than to refine their understanding or to have a partici^iiar 
effect on the reader (Flower, 1979 1 Seardamalia 6 Ber^ter, *1982). 
When students write, tiiey start with the first sentence and cohtiiiue 
linearly until they are finished. Except for corrections in spelling 
and punctuation, they rarely modify their texts (Bartlett, 1981| Emlg, 
1971). Most only do two drafts, the second merely a neater and mor^ 
legible copy of the first. For stiident writers^ the composing proc- 
ess, with its stages 61 planning, writing, and revising, is sequential, 
with revisions prlmarl^ limited to corrections in spelling and punctua- 
tion and changes in wording or phrasing. 
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Ott^o a draft is written, changes <ftr6 mechanically difficult. Erasing 
makes the paper £k>k sloppy. Adding words, sentences, or para- 
graphs, or reorderinff the text^ is impossible without tedious 'recopying 
or cutting and pasting. Once a text is written, it may as well be 
carved in stpne.. 

While teachers describe |he multiple drafts of expert writers, they 
seldom require students to do several drafts of the same paper. 
Usually, the teacher will critique one assignment, and assume that the 
students will be able to incorporate the suggestions when ^ting on 
another topic. 

Wh^t if texlf weire easy to^ change? Would students compose more like 
. expert writers *if the mechanical difficulties of modifying their written 
texts were minimized? Would teachers expect students actually to 
make revisions of their papers? 

Word processing'^technology was developed to facilitate the productilon 
and revision of printed material. With it, words, phrases, sentences, 
and even paragraphs can easily be inserted or deleted from written 
text by simply pressing a few keys. ^ 

While the cost of dedicated word processing equipment puts it out of 
i^each of most schools, relatively inexpensive sioftware is available for 
use with microcomputer^ . Microcbniputers are already in many schools 
across the nation, though they are usually used for mathematics or 
programming. ^With word processing software, the microcomputer can 
also be a tool for stud^ts in the humanities. t 

In |he fall of 1981, under a grant from the Richard Lounsbery Foun- 
dation, w($ began to explore the potential of word processing tech- 
nology for promoting the deVetopment of composing skills, with special 
emphasis oh revision. 

' Software Selection 

Our first task was to find word processing software that seemed 
suitable for eighth graders. We reviewed many of the commercially 
« available systems and were impressed by the range of capabilities. 
However, wo felt that most of them were not appropriate for writers 
with little or *no experience with computers and limited opportunities 
to learn about them. Most systems were more applicable to businesses 
than to authors. 

In most offices, one person composes a text and a different person 
types it; still others may revise and edit it. A word processing 



system designed to format and change texts that others* hav6 written 
is necessarily quite different from one designed to be used while 



user. Typically, the individual whq is putting the text into pr^ent-^ 
able form is only minimally concerned with its meaning. This staff 
member does not struggle with the problem of how effectively to reach 
the intended audience. Word processing specialists, in the dayrtp* ' 
day execution of their work, become familiar withjthe-'ifiti^icades of a^ 
'system and use the commands automatically^ "^hey can interrupt their 
typing to consult operator r^x^.cT' guides foi* the individual steps of 
a 'Complex procedure. ..-bT'c^trast, writer^ are' primarily occupied 
with composing coherent and compelling text* If wzlters must attend 
to the complexities of using a word processing system, the quality .of 
the writing may be compromised. « , 

• 

We did find a few word processing systems tkat seemed relatively 
easy to use. None, however, seemed ideal for student writers; Each 
had advantage^ as well as what Sv^emed to us to be serious draw , 
backs. Three of these systems weire reviewed by a pandl of stu*^ 
dents. Twelve eighth graders learned the fundamentals 'of each 
system, and used 'it to revise a short passage and to compose a short 
text. Alter using all three j9ystems» the students evaluated them and 
described the features they preferred as well as those that ma(i[e the 
system difficult to use. On the' basis of their comments^ APPLE- 
WRITER was selected for the research. 



Tliis exploratory study was designed to* provide insight into two 



A. Can students use this word processing technology? Is it 
suf^ciently easy to use so that it will not interfere with composing? 

t 

B. Will students become more fluent and more flexible writers 
by using word processing technology? 

The Participants 

One teacher and five eighth graders (one girl and four boys) from 
the Bank Strdet School for Children participated in this exploratory 
stucly. (Another girl was selected, but missed most of the classes 
because she had chicken pox.) The teacher was an experienced 
teacher of writing, as well as a > writer herself. She valued students' 
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critiquing anjl revising th6ir own and others' work, and was intejr 
ested in Earning to use word processing software. The teacher had 
not had ui^previous experience with computers. 

The students were selected from a larger group of volunteers. The 
participants represented a wide range of writing skill. Some wrote 
v^ry fluently^ others continually struggled with expressing ideas and 
emotions throu|;h written language* 

. \ - . : ' ■ • . 

{Two of the students had used computers >^efore. The girl had a com- 
puter in her hom and her father had taught her to writOv simple pro- 
grams in BASIC. \ One of the boys occasionally did some simple pro- 
gramming on a. obmputer' at his father's office. The bthel: three 
students' experjlence with compui^ers was limited to yideo games. 

In addition to the teacher and students, two researchers attended 
each class session to help the teacher and students use the equip- 
ment, as well, as to sti^y and irecord how it was used. 

The Settinii 

Students used the word processing system as part of a 5-week mini-' 
c6Urse that met for two 45-minute sessions each week. They came to 
a computer workroom where each 'had a computer, a video monitor, 
and ^ disk drive. Two^prfnters were also available. At each ses- 
sion, students who were first to arrive had their choice of equipment. 

At the first session, the teacher, briefly explained the purpose of. the 
class. The researchers demonjitrated the use of the word processor, 
and each student was given a disk and a reference sheet describing 
cboimonly used' command^ Then stfidents were encouraged to start 
composing. They had choice of composing at the computer or 

writing on a sheet pt paper and then entering the text. 

As students wrote, the teacher moved around the room, observing 
their writing and asking or answering questions. The two research- 
ers were also available to demonstrate how to use a particular pro- 
cedure or to help with equipment problems. 

Ten minutes before the end of each class, students were encouraged 
to finish their work for ^e day and to print out a copy if they 
wanted one. Sometimes the teacher asked a student to make a copy 
for her to look over and comment on for the next class. 



The Writing Cttrricttlmn 

At the Bank Street School for Children, writing.«is encouraged and 
valued as a means of exploring and expressing ideas and feelings. 
Students receive honest and condtruetive criticism of their work from 
both peers and teachers* and learn about features of effective text as 
well as strategies for revision. Students write frequently and regu- 
larly, making daily entries in their personal journals and preparing* 3- 
to 4-page, reports ior eaeh'curricular unit. 

A * 

■ * 

In the mihicourse, students were encouraged to write expressively: 
they were to write whatever came to mind, and to continue without 
concern for structure or transition. Their goal was to explore topics 
through writing, and then to develop a plan for what they wanted to 
commuiftcate. 

Data ColleVtion , 

\ Interviews . Prior to the minicourse, all students were individu- 
ally interviewed jibout their models for cdSposing, their development 
as writers, their standards for effective writing, and their strategies 
for revision. After completing the minicourse, students were again 
interviewed to learn about their ' reactions to .word processing tech- 
nology as a medium for composing. ,0 ■ , 

Observations . At each class session, students' activities were 
recorded 9t .5-minute intervals. In additton, one or two students 
were observed as they composed and/ or revised their written text, 
and the kinds of changes they made were recorded. ^ 

Writing samples . Copies of each student's files were made at the 
end of every class session, and the files were compared across ses- 
sions. ' 

Composing with the Computer 

In the minicourse, students generally spent five to six class sessions 
composing apiece (or, in the caise of one student, deciding to aban- 
don it) . The first one or two sessions usually involved very little 
writing) students seemed to be mehtally exploring potential topics.' 
Once they had found a topic, the next two to fou^ sessions were 
spent writing the body of the paper. Students seldom made typo- 
graphical errors because they typed very slowly and deliberately, but 
when they did, they usually corrected them immediately, using the 
function key for deleting. 
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The girl in the minicourse was a fluent writer. She composed a 
lengthy narrative, about a vacftion adventure, approaching her writ' 
ing enthusiastically and with a clear idea of what she wanted to say. 
She was concerned with making the story interesting and entertain- 
ing* and made several changes to make the text more appealing. 

She maia^quite a few revisions in her text, spending part of each 
session modifying what she had written previously. She added and 
deleted sentences within her text* inclerited words to clarify nieanings, 
and made substitutions of words and phrases. Once she brought in a 
printout that she had revised at home and implemented most of the 
changes she had planned. In another session) she changed her text 
in ways prompted, by the teacher's comments. 

I 

The other minicourse students seemed to compose through association. 
After wrijting' a sentence, they would read it over and decide whether 
to keep or delete it. Then they would sAt for a long time contemplat- 
ing their next sentence. They did not seem to have a general goal 
with which to guide their production. 

From one session to the next, these students would ^mply extend 
their texts. The only changes they made to previously written texts 
would be to correct spelling or punctuation. After several sessions, 
two students seemed to discover their meaning and organized their 
text into paragraphs* f third student didn't finish, but simply 
stopped after urging from the teacher. A fourth was never satisfied 
with his text, and spenr the entire course starting over rather than 
developing his composition. 

All students sifarted one or two other texts, but none ha^-'tlnie to 
finish them during the minicourse. The composing proce.i9(SA7seemed 
similar to that observed with the first text. 

Conclusions 

A. Can students use this word processing system ? -j 

All students were able to, use the technology for composing, and all 
said they would like to use It regularly for both school assignments 
and personal writing. Students preferred the computer to pencil and 
paper. Throughout the course, pendU and paper were available on a 
table in the center of the room, dnly once did a student choose to 
move away from the computer and work with a pencil. 

Generally, students composed with the computer as they composed 
with pencil and paper. The new technology Was assimilated to their 



'models for composix]^. Production was primarily linear and sequen- 
tial. Most revisions were correc^ons in punctuation or spelling, 
though one student adcfed, deleted, and reordered sentences within 

. her text. 

\, None of the students was a proficient typist, but two had had some 
instruction in. touch-typing and knew the positions of the fingers on 
the keyboard. '*the other students typed very slowly cmd laboriously, 
search^g for each key and using only one finger, iven these stu- 
dents* however, were persistent about using the technology for 
composing. Students were asked about their typing skills in the 
post-course interview. While most said they would like learn to 
type better, none felt that the lack of typing skill was an impediment 
to composing with the computer. 

B. WUl^tudehts become more fluent and more flexible as writers by 

using word processing technology ? • 

— . • ■ 

iThe lO-session minicourse was too brief to effect any fundamental 
changes in students' models for composing. These models had been 
developed over many years of schooling and could hardly be signifi- 
cantly modified in the equivalent of 9 mere six . hours of instruction. 
HowfBver* the results of the minicourse^ point to six ways in ^i^hich the 
technology may be used to support "^udents* development as writers. 

1. Students^ spend ^more time composing when they use a word 
processing system . Student^j skills may improve simply as a result of 
spending more time writing. Using the computer, studei^ts created*, 
extended, and/ or revised their texts across < five or six sessions. 
This contrasts dramatically with their reports that, with pencil and 
paper, they usually composed a paper in a 'single sitting of 30 to 45 
minutes. The students were also intensively involved with composing 
at the computer. The teacher had planned for them to read their 
work to each other* but she found that she could* not get them to 
stop working. At many of the sessions* the room was eerily quiet t 
students were' so absorbed with their own ' composing that they didn't 
talk to each other. / 

2. Students feel free tq explore their ideas in writing because 
deleting is easy, even from the middle of the text . All students in 
the minicourse used the word processor to delete, sentences and para- 
graphs. In part* this was the result of the teacher's encouragement 
to write rather than to delay until ^e paper was entirely thought 
out. However* the fact that students were able to suspend judgment 
before writing demonstrates that they did feel freed firom the over- 
whelming constraints inajposed by trying to make the written text 
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perfect the first tf^e. Usually, students did not delete sections of 
text until they had written most or all of it. Kno\t^g that the text 
was easy to change allowed the students to ignore some of what they 
wrote^ and to concentrate on other sections. They seemed to prefer 
the more transient bRT display to the permaiient printout. After the 
Btst session » students seldom made a copy until they were finished 
with the text. * , ^ 

b 

* _ *• 

3. When using the computer, students consider the overall 
structure of their text . In precourse interviews* students said they 
never reorganized a handwritten text unless they. ' were told to by 
their teacher. In the minicourse, all four students who finished a 
piebe modified the paragraph structure. Two students iniiially had 
no paragrs^hs in their compositions» -and spent some time dividing 

^heir -^work into paragraphs. Two others « improved their work by 
rearranging the order of their paragraphs. 

4. Using word processing technology may facilitate use of the 
revision strategies students have already leamed» eventually resulting 
in theiy automatic applicatjoir When revising their texts, students 
most often choose to Inodify individual words or >hrases» often adding 
to or changing them in order to describe a Character, a setting, or 
an event 'more yividly or more particularly. These changes did not 
happen very often— perhaps ten words in an entire compQsition-*but 
they were effective. * 

5. Studenjts will be motivated to learn ^new strategies for . 
evaluating apd revising their texts because changes -are easy to 
execute with a word processor . Judging from thefar interview com- 
ments, students had few explicit strategies for revision. Their main 
goal was to write what they were thinking or feeling. When asked, 
"How do you know when you*ve finished writing?" no student could 
respg>nd. Most did remark, however, that producing, an ending or 
'Conclusion was one of the most difficult parts of composing. Students 
also reported that they did not usually think about their audience as 
they wrote. One student said that thinking about the audience made 
it- more difficult to write, so he preferred to concentratiJ on his 
message. Text features such ;a^ pomprehensibility, en^cingness, 
persuasiveness, and memorabiUty* W^re. not by most of 
these eighth-grade writers. (See Bnice et aiV, #982 for a discussion 
of these criteria for communicative, effectiveness.) ^ 

6. The computer can influence the extent of collaboration while 
writing . Initially, we hypothesfz^ that with a computer, composing 
would become more public. Displaying the text on the screen would 
invite others to read It, and would set the stage for peer discussions 
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ol a'^^Wt. yWe felt that, through such critiquing » students would 
deV^p \|ew standards for evaluating texts and acquire .new proce- 
^Irersfbr revision* Contrary to these expectations, writing became 
l^ss public in the minicourse* Students were so ih^olved with their 
own texts that they seldom spoke with others. Oxily once did a 
student ask another to read his work. 

On reflection, we feel that this occurred because students had 
their own computers and wanted to use this resource as much .as pos** 
sible. If a small nuiqber of computers are In a classroom, it fdll be 
easier to arrange for two or more students to use them collaborative- 
ly. ^However, jlf ,the cqip>uter is located m a resource roum and 
students are seiit^individti^y to work with the- equipiq^nt, tH« -^com- 
pleter may . underage attempts to promote q^JlaboraUoh .while com- 
posing. ' . 

Discussion \ >' 

Word processing systems vary enormously i^ their :compl^ty and ease 
of use. After reviewing a wide range of i^oiftware,, we concluded that 
many systems required too much time to If am to-be practical for 
studentls and teachers with Uttle - or noL^fevioufr * exp4i|^ce with 
computers. In this research, we studie^ sti^den'ts'. U89 of a systeo^ 
that was selected. |»recis^y because a,^view :^anel -of eighth graders 
judged it as easy to' use. 

■I • • . " 

Students who used the 'selected word processing system for ten class 
sessions did find it easy ^ use. A major conclusion from this ex- 
ploratory study is that, initially, students assimilated the technology 
and applied it to their model for'^(^mp98ing. They used it as they 
used pencil and paper. Production was primarily linear and sequen- 
tial. Most revisions were corrections in spelling a»d punctuation, 
although occasionally a single word or phrase was inserted or re- 
placed. 

Stiidehts also Capitalized on some of the features of the technology. 
It seems that their models of composing might be restructured to 
accommodate to the .technology. For example, all students modified 
the organization of their texts, even though they rarely reorganized 
handwritten texts. 

■ • ^ K 

\ 

The word processor cannot teach students to be better writers;^ it 
only provides a means to effect changes more easily. It will not 
respond to the author's message. It cannot critique, nor can it 
recommend particular changes:^ or judge whether a change is an 
improvement* (but ae^ the Writer's Workbench for a prototype cf such 
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a system— Macdonald, Frase» Gingrich & Keenan, 1982). Unless 
students have standards of good writing and can evaluate and revise' 
their cwn irork in terms of these standards, changes will not be 
improvements. 

As Donald Graves' work", documents (Graves, 1983) ,^ students develop 
as writers 'when their teachers value students' expressing their own 
ideas, discuss sttidents' writing with them, and instruct them in the 
effective, use of • written language, "tn successful writing programs^ 
attention is on the meaning the author intends to convey and the 
meaning .the reader will construct from the text. 

Although writing skills develop-^ students commui^icate through 
writing, ,the word processor may prove to be a useful curricular tool. 
With a tool that eliminates^ the tedious recopying that is now part of 
revising, students may. be eager to develop strategies for evaluatixigr 
and improving their texts'. ^ ^ . 4r-^^ 
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In the world of educational computing » programming is a major actiV' 
ity, occupying several miUion precollege students ' a year in this 
country alone. As yet very little is known about what Wnds of 
cognitive activities computer prog ramming-requires-^ d w hethe r, siin 
the classroom contexts that are representative of microcomputer us6 in 
schools today, children ax^ capable of making substantial progress in 
learning to program. In the cyclical program-development process of 
problem understanding, program design and planning, programming 
code composition, debugging, and comprehension, what gains do 
children make on the many developmental fronts represented in the 
complex of mental activities required by, programming? Do conceptual 
limitations iippede their understanding of any of the central program- 
ming concepts, such as flow of control structures, v&riables, proce- 
durality, and the like? We have, begun to address aspects of these 
questions in our developmental reseM-ch on children learning to do 
Logo programming. 

I would like to make five points which will be explicated in the re- 
mainder of this paper t 

1. Systematic developmental research documenting what children 
are learning as they learn to program is necessary, rather than 
existing anecdotes. Our studies focus on Logo because it is a pro- 
gramming environment that is exciting to many educators, it has great 
potential for introducing children to many of the central concepts 
involved in programming and problem solving, and because grand 
claims have' been ms^de for how it promotes learning to program, as 
well as metacognitive skills such as planning' and strategic problem 
solving. 

• ^ 
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2. Logo is' cognitively coipplex beyond its early steps, and quite 
dllificult to learn i|fithout instrucfional guidance, even if students are 
intdUectually engaged with that learning. While the semantics and 
syntax 6f Logo are readily leat .ed, the pragmatics~how to arrange 
'Ikies of legal programming cooj to achieve specific ends— iis a great 
challenge. 



3. The pedagogical fantasy (e.g., Byte* , August 1982; Papert. 
1^80)— that Logo can serve as a stand«-alone center in classrooms foir 
learning programming and thinking skills— does not work. Teacher 
training will be necessary for programming skills to develop very fSr, 
and problem-solving skills may need to be taught directly rather than' 
assumed to^ emerge spontan eously from learnin g Logo. 



4. After a year's experience of programming ifi Logo, following 
the discovery-learning pedagogy advocated for Logo, two classes of 
25 Children (8- to 9-year-olds, 11- to 12-year-olds), each with six 
computers, did not display greater planning skills th&n a matched 
group who did not do Logo programming. 

5. We need to develop an instru^onal science for programming 
if that is what we wish children to learn, but we also need to re- 
think, iji ways suggested by Mldian Kurland,, the educational goals 
t^at prograoming is meant to fulfill. ^ 

The s(rea|^excitement in education about children's leaxning to pro- 
gram witih itiierpcomputers is easy to understand. But it is of partic- 
ular interest to me as a' developmental psychologist that such excite- 
ment has had less to do -with.4he j^actical value of le^mins how to 
write programs for 'specific applicatimis~~tiian^-wi^_tiie belief that, 
through learning to program, children wiU developpowdrfi^^ cognitive 
skills such as planning abilities:. {Problem-solving heuristica^ and 
reflectiveness on the revisionary character of problem solving itself 
(Pea & Kurland, 1983). This idea— that programmhig will provide 
exercise for the highest jnental faculties, axid that the cognitive 
development thu^ assured for ^programming will generalize or transfer 
to other ieontent areas in the child's life— is a great 'hope.' ''Many 
'elegant analyses offer reasons for this hope, although theire is an 
important sense in which the arguments ring: like the overzealous 
prescriptions for studying Latin in Victorian times. 

Prog^iuoming is viewed by many of its devotees as a "Wheaties of the 
Mind," a panacea for the ambiguities of everyday cognition. It is 
alleged that in the demands which progpramming activities make on the 
mind— of precision (in requiring a specific sequence of instructions 
for controlling the operations of the computer) ; of problem decomposi - 



tlon » (into component subprobletns) i and oi*" debugging (systematico 
efforts to eHmi^te' discrepancies between tlie intended outcomes of 
the program an^' thos^'^brdught jabout through; the current version of 
the program)— programming Kendo's salient the general utility of such 
cognitive a^vlties. in- problem^solving efforts* and that* such j|ene^- 
*alizations will be made Spontaneously by the ptognumner to problem 
spheres above and beyond the i^eroeomputer envii^ohment (Feurzig et 
al.« 1981} Mineky, 1970} Papert, 1980). To place these daimsJn a 
larger context, we may note their similarity to clbims alS^ttthow 
literacy, or mathematics, or lo^ic serye as cognitive amplifiers," 
Ijsnabling the users of such technologies to transcend the Un^tations of 
their previpusly available tools of thought (Bruner, 1966} Cole ,& 
G rijrn u, 1980} Goody, 1977} bison, 1976). 

What has been done to evcUuate the eq^pirical validity of these impor- 
tant daim.? While Papert and c^eagues undertook extensive kudies 
of children doing Logo programming i& the Brookline school system, 
their reports of this work were principally qualitative in, nature, 
citing and discussing some of the programs > that were created by the 
children, the global differences in programming style that seemed to 
be intuitively distinguishable (Watt, 1979), and dramatic case studies 
of ' great programming progress made by childifen who had* learning 
difficulties (e.g. ^ Weir, 1981). • * 

Though interesting, these reports do not directly address the widely 
touted claims for the development of thinking skills that tran|fehd the 
^programming context, for which case-study Mlethods are inappropri- 
ate* We thus undertook a series of investigations in order to provide 
systematic data on chHdren- learning to prograifa and the alleged 
cognitive outeonies of such programming, such as developments in 
planning skill. Methodologies for .addressing these questions were 
developed, and summaries of some key research findings to date are 
presented below* 

Research * . ' 

< 

I will briefly review thre^ of our studies. ^ Detailed technical reports 
will be available in the near future. The first was ,a study of the 
level of programming expertise that children had developed by year's 
end} the second consisted of . systematic probes of the depth of under- 
standing of programming concepts such as "recursion" in studies with 
individual children} and the last asked whether children doing pro- 
gramming developed planning skills* that they then spontaneously 
transferred beyond programming. 
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In one study, we presented children with a 3-part written assessment 
of programming. The three parts, ea^h taking 45 minutes, weret 

(1) Logo command understanding , where children were asked to fiU 
in,* with graiOiics or words, what would happen to the screen when 
specific commands were typed and entered into the computer; 

(2) writing Lpgo programs to draw shapes, with constraints as to 
what prograoiming constxitcts (e.g., tail recursion, variable) were to 
be usedi and (3) finding the errorc or bugs in preVhfitten programs 
intended to achieve a pletorially S|iecified gpali For command under*- 
stakidingt we found that, although "the number of hours spent 'pro- 
graimning by the older (25 hours)' and younger (29 hours) groups 
were not significantly different, the older group understood signif- 
icantly metre commands than the younger children; Boys spent more 
hours programming (34 vs. 22 for girls), and outscored the girls on 
nearly every class of programiiii;tig j;9mmands. Performance on this 
command cpmprehehsion task waST^ Revealing t' out of 100 pc^sible 
points, the mean score for comiiiands understood In termi of this 
measure was 34^ with a huge standard deviation of 25, and only three 
out of the SO children scored between 75 and , 95. Roughly one- 
quarter of the children in each of the dasQes had not become very 
much involved in the classroom prograoaming and did correspondingly 
poorly. In the case of writing different programs that would each 
,draw a box of a certain size, we found that, while few children had 
difficulty writing a program consisting o^ a ichain of direct commands 
(FD, RT) or a tail recursive procedure, many children could nbt 
write a version of such a program using a variable » or a version of 
the tail recursive program with a conditibnal test thaf would stop the 
drawing. In the area o| debugging, many children, were able to 
locate and eliminate '"surface? erroVs of syntax, or missing variable 
Values^ but very few found procedural errors in which the order of 
lines in a program was mixed up.. " , 

The second study (Kurland & Pea, 1^83)'|Utili2ed a series of increas- 
ingly complex Logo programs that were designed to reveal the depth 
olf understanding of recursion in a half dozen of the best program- 
mers in the two Logo claesroous. The method we used— having 
children read through the programs line by line and make predictions 
as to what would happen when each line of programming code was 
executed— was extremdy telling, and confirmed our classroom obser- 
vations. Four prevailing tendencies are of central developmental 
significance. One was to treat the program' as akin to nature lan- 
guage text, ambiguous in meaning and "ignoveble" by the computer if 
the child did not understand it. A second was the fact that some 
children did not understand conditional test statements in these 
programs «)ven though they had written prqgrcmis that contained 
them. This is a robust finding, as ether studies with these children 




have shown; the children's prograo^s often displayed production 
without comprehension. • in that prograAiintog constructs such as 
variables* test statements* or even simple command^ like* "repeat" may 
have been used in one .program, but not understood iir^other* Rote 
use of ^chunks" from other children's programs or tho^e of the 
teacher seems to be responsible for this rigidity of use. ^ A thir^ 
tendency was -to violate the se^uentiality of program execution, to 
assume that, without instructions!; to do so, the computer could "jump" 
some lines in the prdgraoi. to execute otl^er lines. The foi^ tend- 
ency, common to all the children, was to manifest a misguided mental 
model of how recursion works, one which is .insurmountable without 
instruction since, for recursion, evidence for how control is passed in 
Logo (i.e.> which is to be executed next) is not discoverable in 
the surface^structure of the language. 

The third study was a longitudinal pris-post investigation of groups of 
children who were provided with extensive opportunity to program in 
the Logo language over a school year. These children were then 
coBopared to a matched group of nonprogramming students" to see 
whether learning to program enhanced the development of planning 
skills. The task, administered before and after the year of program- 
ming, was a dassi^Gom chore-schedulixi^ task ; that allowed children 
multij^le epporttmities to come up «^th the 8^^ plbi they could 
construct for carry^g but ^ series of chores* Our expectation was 
tliat better planners would take a more stratejgic approach to -the 
task, revise or debug thehr pktts more effectively, and engage in 
more executive and metacognitive decision mal^g as they developed 
their plans (Hayes-Roth & Hayes*Roth, 1979i Pea; 19f2). On a large 
number of 'measures-^the' efficiency of the plans, the quality of the 
revisions, and the types of decisions made during the planning proc- 
ess—we found^o differences ^between the programming and nonpro- . 
gramming groups at either age. 

' *" - " • 

Why did we find no cognitive benefits on our task for those' children 
who* had been doing Logo programming for a year? Advocates of the , 
cpgnitive benefits of programming might object that our treatment was 
^not of sufficient duration for benefits to be manifested, or that 
benefits could b^ revealed in later years ^ but not so soon after the 
"treatment" provided by Logo. 

t a 

However, ^e favor an interpretation more in- keeping with two general 
findngs in cognitive science during the past decade, and with addi- 
tional observations, of the children in our planning task while pro- 
gramming. The first finding is that transfer of problem-solving 
strategies! between dissimilar problems, or problems of different 
contenf, is notoriously difficult to achieve even for adults (Gick & 



Holyoak, 1980; Hayes % Simon, 1977| Tuma ft Relf, 1980). The 
second finding is that* even among computer science sttzdents in 
college who* by their junior year> have had several thousand hours 
of programming study (as contrasted with about 30 hours for our 
student groups)* great conceptual difficulties in understanding how 
even' brief programs are working persist (Solowny et al.* 1982)* 
which one would not predict if planning , and problemrsdving . skills 
had achieved such exMlisiv^ development by virtue of programming 
experience. 

Our in-dads observation had' to do with wliether children plan prior 
to prograsuning. It has been anr assumption of those expecting trans- 
fer of planiiing skills developed within programming to domains out- 
side^ programming that» in fact* planning skills are at least developed 
in programming. But we found very little preplanning activity. 
Planning a ii»rdgrain by specifying the high-level k>gic that a program 
would be written to implem^t was not a distinct component of. the 
children's program development p^cess. Much more common was 
on-line programming* in which children defined their goals* and found 
means to achieve them as they observed^ the products of their pro- 
grams unfolding on the screen. Rather than constructing a plan* 
then inplementihg it as a program to aehieve a well-defined goal* and 
afterwards running the implemebted plan on the computer* children 
would evolve a gos^ %]^e Mting lines of Logo programming language* 
run theit. program^ see if they liked the outcome* exptore a new goal 
if they did not like the outoome by writin|; a new programming code* 
and so on. It' might be objected that* although they engaged in little 
top-down planing, they did work a great deal on plan revisions by 
continnally adapting their pirograms* revisions being central to plan- 
ning activity (Pea* 1982). If this is so* we should have seen differ- 
ences bcitweeh the programming classes and the control classes in 
planning revisions duiing the noncomputer planning task* but we did 
not. And program debugging in the dassrooms would have ""been very 
common. In most cases* children preferred to rewrite a program from 
scratch rathdr than to suffer through the attention to detail required 
in figuring out where a program was going awry. As one child put it 
when asked why she was typing in comoltands directly rather than 
writing a programs "It's easier to do it the hard way." Debugging 
requires precision and line-by-line program comprehension} in gener- 
al, both were difficult for the school-aged children to attain after a 
full year. They certainly were not automatic consequences of expo- 
sure to Logo. 

While we belieye that* on the basis of these findings* it would be 
premature to discard programming or Logo from the set of microcom- 
puter uses in schools* these studies do raise serious doubts about the 
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sweeping claims ntade for the cognitive benefits of learning to pro- 
gram, particularly in Logo (see Byte , August 1982). We find that 
the en^ level of Logo—getting the turtle to carry out mathematically 
Interesting drawings through writing short programs consisting of one 
or two procedures— does not present conceptual problems for the 
school-aged child. Far from being problematie, one finds in most 
children Jusi the mental engage^sent that advocates of Logo 'highlight. 
Bt^t the elegance and beauty of Logo that dezlves from its parent 
languagSfi LISP, used in artifi -\al intelUgence, its procedurality which 
allows one to define new procedures and use themyas building blocks 
in increasingly complex programs, its control stru||ures that allow 
very brief recursive programs that can solve quite Jlficult problems, 
the use of conditional .tests— all these features present deeply chal- 
lenging conceptual problems on a turf our children did not opt to 
travel during thefar discovery learning. With thoughtfuTlnstruction, 
which will require developmental research for its design, we expect 
that Logo may provide a good window for the child intot these* impor- 
tant computatipnal concepts. With accompanying instruction in think- 
ing skills (see, for example, Chipman, Siegel & Glaser, 1983), per- 
haps using Logo or other programming languages as a vehicle for dis- 
cussing heuristics and problem-solving methods, developments in 
planning' skill may in fact bb achieved. But we have deep doubts, 
based on a series of empirical studies over an 18-month period,' that 
the Logo ideal is attainable with its discovery-learning pedagogy. 
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What if we turn the fashionable computer metaphor on its headt f he 
computer, rather tl^an being a superbrain, teaching us with ^its 
c<fiisistent and logical " thinking, is instead a fantasy world which, 
Uke^ a hall of mirrors, reflects back to us images of our commonsense 
ways of making things and making sense * By common sense, I mean 
the constxixctiohs of our ordinary actibn knowledge by which we 
commonly sort things into same and different, separate and join* 
bring objects into existence by naming them, and otherwise make the 
sense we think we find. I would like to suggest that the computer 
world can, as a hall of mirrors, reflect this com»ionsrase knowledge 
back to us in a new guise. Playing with what we make in the com- 
puter world--" generating it"— we can come to see familiar objects and 
actions in new ways, and we can come to a new appreciation of the 
intuitions with which we make the things we know best— the intuitions 
I will call our "sensory smarts." 

How does this happen? To. make something in the computer world, we 
must start with a description constrained by the units and syntax of 
a computer language— everything must be said. In, the Logo computer 
world, description— analysis* if you wish— immediately turns into a 
visual or sounding artifact that may carry with it Eturprlses. Playing 
with jthese unexpected reflections of our thought actions, we can 
find— sometimes for the first time— aspects of our most intimate ideas 
and objects, and can then learn to gO beyond them. 

The aspects of things that ai^e most important to us a^e 
hidden , because of their simplicity and familiarity. (One is 
unable to notice something— because it is always before 
one's eyes.) The real foundations of enquiry do not strike 
a man at all. Unless that fact has at some time stnick him. 
And this means t we fail to^ be struck by what, on^e seen, 
is most striking and powerful. (Wittgenstein, 1953/ 
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But there lurks a tempting danger. Instead of being seen as a 
fantasy world of reflected images* the computer world of procedures 
that make clean and beautiful objects is slvfSLya on the verge' of se- 
ducing us— of becoming more real than the messy* unpredictable, 
uncontrollable world of human sensory, felt experience* How can we 
use the two worlds so that they inform one another instead of each 
being contained and defined by its own seemingly incomi&ensurate 
primitives? * 

Let mei propose a strategy. Suppose we adopt a stance as we make 
thing[s in the computer world, similar to that of children, craftsmen 
or artists in their ^ork' of making things in the handleable, sensory 
world— a sandcastle, ' a paper doll, a design drawn on paper'" or one 
built with blocks. Then, from this process of everyday designing 
and making, take a' mode of learning that seems particularly to char- 
acterize it. I' will call it "conversational learning" (see Bamberger & 
^chon, 1983). 

'■• ' ' *• - , 

By conversation, I mean the conversations we have with materials as 
we build or fix or invent. As we perturb these materials, arranging 
and rearranging them, watching them take sh^e even as we- shape 
them, we learn. The stuff ta&s back to us, remaking our ideas of. 
what is possible. The backtalk leads to new actions on our material 
objecis in a spiral of inner and oiit^ activity. Inner intention gives 
way t6 reflection on and responsiveness to the backtallc'of the mate- 
rials, leading to new outer actions on objects, and thence once more 
te| changed intention. It is a kind of research— one that is as familiar 
to the scientist designing a theory as to the painter or composer 
designing an artifact. 

* t 

% 

The painter, Ben Shahn, sayst^ 

At one point [a painter] will mold the material according to 
an intention. At 'another fie may yield intention— perhaps 
. the whole concept— to emerging forms, to new implications 
f0Mthin the painted surf ace.... Thus idea rises to the sur- 
rface, grows, changes, as a. painting grows and. develops. 
So OAS must say that paix^ting is both creative and respon- 
sive. It is an intimately communicative affair between the 
painter and his painting, a conversation back and forth, 
' , the painting telling the painter even as it receives its shape 
and form. (1957, p, 49) ' 

Shahn's word^ could describe designing and making a computer proce- 
dures "conversation ba^k and forth, the 'programmer' filing the 
'program,* the 'program' telling the maker even as it receives shape 




land form." But the differences between programmer and painter are 
^as important as the similarities. 

We need to make a conversation between these two ways of wbrld- 
making-*the .handling of materials* immediate sensory actions, and the 
world-making of description where 'we have to saj; what we want and 
then that happens. In this conversation* the ^mpu^er becomes a hall 
of mirrors as it reflects back to us a surprising* maybe strangely 
unexpected*- image of our 'everyday making and shaping. Encouraging 
such conversation by confrbnting the corni^uter's. unexpected reflected 
image of' what we think we do with the sound or picture we expected, 
we' may come to see strategies* kinds of things* kinds o^ relations 
that otherwise might remain hidden in the givens of each world. 

We take a musical example* but it requires attention to the following) 

The intention of ^^his sounding exao^»]e^.£aiinot be properly captured 
in the silence of words or notations on paper^it must be done live 
and in sound through clapping or dinimming* and in interaction wit^ 
the computer and its synthedizer. The very difficulty* however* 
helps to make the argummt. If w6 want to use the computer to 
confront the nUsmatches between whet we can do* what we think we 
do* and tl^e results of these thoughts as descriptions* we must be 
able to hear the results of these descriptions in actual sound. It is 
the' arguinentf here* that the computer is unique in making such 
confrontations possible* \ Indeed* it is in this unique -capacity that the 
computer functus as, a' mirror, giving us back a sounding image of 
our described thoughts. And this is hows Putting our "thought 
actions" in the . form of instructions to the computer* these descrip- 
- tions/instructione are instantly realized in sound by (in this example) 
the syhthesizer drum. . If what we hear is different' from what ' we 
expect-*that is« different from the results of the live actions we had 
thought to dSscribe—then the stage is, set for learning. But if 
readers are given the rhythm as it *is described by standard music 
notation* there is no opportunity left to make the exper^eni. 
Instead* y^u siiiiply make ah easy translation from one code to 
another-^from muoic notation to computer notation. There is* ^en* 
no opportunity to say what you think and then to^ learn through^\'the 
possible surprises as you listen back to what you said* now in sbund. 

As one college student put it in puzzling over what and how she was 
learning in this environment t "We are used to expecting answers 
from the computer^ but here the answers have to come from us*" ^ - 

I win try tp put the reader into tl^e experioaent by using language 
that does ;n6t preempt that possibility. But readers must go ixtto 
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action themselves, too. To, begin with, clap the rhythm of the 
rhyme; 

Three, lour, shut the door . 
Five, six, pick up sticks 

Now, to remember the rhythm or. .to help another play it» make a 
drawing. Most people will draw two big shapes (maybe circleal and 
three, small ones; and then again two big ones and -three small^mes: 

0 0 b b o O O o o o 

Now, how can we get the computer drum to play the same rhythm? 
The Logo turtle drum can make twb kinds of drum hits— a long one 
called "L" and a short one called "S," Think of time as space; L and 
S are related to one another like this: 

- — 

J 0 

Try clapping the Ls ^d the Ss: 7^ 

L's sound} Tick, — tick, — tlgk, — 
S's sound t Tick-tock, tick-tock, tlck-tock 



Looking at the drawing of the rhythm, now we ^anslate it into turtle 
drum instructions using L and S: 

O O o o 0.0 0 o o o 

\^ L L S S S L L S S S 

And this is what we hear back: 

Three, four, shut the door; five, six, pick up sticks. 

L L S>S S L L S'S S 
OOoooOOooo 

Our description, our thought object, results in a new and unexpected 
sounding object: 



"s S Tl D 
Shut the door five, six 

bbcomes a single, uninterrupted figure, and the repeated figures we 
intended have disappeared, the boundary between them gone. Using 
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the computer as a mirror > we find not what we intended but instead a 
new ^gure, perhaps more interesting than the one our ...ands spon- 
taneously made. We can repeat it: * 

SSSLLSSSLL 
oooOQooqOO 

to make a kind of Latin samba. 

But how can we us. this surprising roflection to help us make oiir 
^intend^d rhythm? Try to clap the intended rhythm again and com- 
pare it with the results of the description played on the turtle drum. 
We discover, in this ' conversatjion between what we clapped and the 
results of what we descritted* that sonething i« missing. The two 
figures of oiir clapped rhythm are bounded, separated by a gap, a 
silence. The gap is missing in the turtle drum's "perfonpance** of the 
rhythm'.. It must, then, be missing from our description. 

Does the turtle^ know how> to pause? Yes. Jt can be toldto,HDaiErim 
S-pause or an L-pause. We insert an S-pause bet<«7g^ the two 
figures! 

L L S S S/ | S«pause| L L S S S 

It works I The two repeated figures are once more intact. By listen- 
ing to the pretend turtle drum ad it responds to our instructions, 
working wi& it as material, we discover, in its reflection, hidden 
intimacies of our o^ performance. What .seemed in our actions to be 
a nonaction, a nonthing— silence— materialises as a reality that needs 
to be accounted for. ' 

But is it possible to B&ake .the same rhythm « using only longs and 
shorts— Just Ls and Ss? Think about the time that goes across the 
boundary/ of two repeated figures— the time we have just filled up 
witlr-«R^S*pause. There is, in fact, an S (the last of the three 
togetl^^r) followed by an S-pause. The two together make a single U 
We can' try: 

LLSSLLLSSL 

That works too! It sounds the same. But this new long, even 
though the same in time 98 the others, seems a different long from 
those at the beginning and those that follow. It is an "encl-ng-L" 
instead of a "beginning-L"— an L made of ^n S and an S-pause, a 
sound and a silencet The same measured time can be very different 
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depending on where it happens and how it functions— beginning us 
compared with ending, for instance. That's an important idea. 
Measured property and function make different meanings. The proc- 
ess is open*ended, topless* Silence becomes material) time goes on 
even when actions seem to stop; the same time can .seem different; 
•filling up time depends on what is happening in it. 

In just this'small example, surprises from making thought objects into 
sounding objects tell uj about our own sensory smarts and give us 
newlBeas for making things with them— new and, until then, perhaps 
im|M>8sible rl^ythms to play on a real drum. The structures and 
things in one world seen as the structures of the other— we can go 
beyond them both. This is but /a bare l^eginning, hardly exploring 
the power of each. The point, then, is not to give privileged status 
to sensory smarts or to the procedural descriptions of a computer 
language such as Logo, but rather to appreciate and learn from 
multiple ways of knowing, doing, and sjaying. Aud, most important, 
to learn from these two ways of worldHmaking, these interterrestrial 
conversattons, wh^re and when it is usieful and productive to meas- 
ure, take apart, a^rxd describe, and where to gesture and directly 
eacperiment using our sensory smarts. We develop^ in fact, a kind of 
metaphor-in-action'-two organized structures— the structures made 
possible by the entities and relations specifiable in the Logo worljd, 
and the structures made possible by the entities and relations ac- 
cessed by our everyday knowhow.' Seeing one as the other, we can 
breed new entities, new ideas. 

When we use the computer as a pretend world of animated reflation 
./with which to make conversations, it becomes a terrain for inq{^y. 
the most commonsense aspects of things that otherwise remain hid^n 
emerge, helping us to account for and to build on what we already 
know how to do so well but can't say. Like children,, pretending cail 
make real what is otherwise unseeir^d most valued. 
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LJEARNING LOGO TOGETHER: THE SOCIAL CONTEXT*, ♦* 



Jan Hawkins 

Center for Children and Technology 
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C ollaborat ion in Classroomd 

: . ,. . .. 

There are many different ways to Organize learning situations. In 
classrooms, learning is 'traditionally organized around axl adult who 
has primary responsibility for teaching information an^ 'organizing 
' material so that novices can learn about particular subjects. Students 
~learn and practice the presented information and skills. There are, 
however, ay s , to organize learning other fhan by the teacher pre- 
«8enting information to a group of novices* For example, in many 
learning situations, novices are apprenticed to yexperts who communi- 
cate the information needed for a certain sld^, and who support 
practice in that skill. This occurs dften withN job-related, training 
(e.g., architects learn the tricks df their tradeXfrom experts), and 
crossculturally in what are sometimes called info^al learning situa- 
tions,. ' \ ' ■;• ■ 

■ ■ ■ ■■ \ 
There are also a variety of learning arrangei|^ents in ^e group-learn- 
ing environment of the classroom, based on alterative, theoretical 
models of how. children learn. I wUl discuss, ilwo* of these mo46id*— one 
by wiy of example, and the second as the- major topic of this paper. 
First/, a constructivist modeL of development was the Jbui^datlon for 
the fflotion of discovery lear^g. When adapted to classrooms, dis- 
eo^gry"-le(ffning 'models characterized children, in a sensa, as their 
own teachers. With the support and guidance of adults ai^d a well- 
arfanged environment, childnin explore and learn in accordance with 
their own pace and needs. In this ideology, ihe child is seen as a 
self~motivated individual who learns through discovery when allowed 
to select his own material world for engagement. This discovery-^ 
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learning model is the basis for the pedagogy assbciated with Logo- 
children invent their own goals to aeeomplish in the ° programming 
language of the mierowprld.-^ They discover the necessary ttels/ as 
needed, for self-directed purposes*. ^ 

There is another, less well-de^ed leaming^ organiza^on for class- 
rooms, b|^ed on different ways of thinking about the social situation 
and the social resources for learning i that is, that important learn- 
ing occurs when children do collaborative work, and when peers teach 
each other. The notion of the importance of teaching someone else in 
^order to leam has-been around for a long time. In 1632, Comenius 
wrote that the process: of teaching gives great, in^ght into the subject 
taught: "If a student wishes to make progress, he should arrange to 
give lessons in the subject he is ajludyiiig, even if he has to hire his 
pupils." Ii^the late iSth centunr* the increased interest in public 
education . made the stodent-jS^dng-studeAt model' economically at- 
tractive because tfaer^[^re^ few teachers. Lancaster turned this 
tb his advantage, and demonstrated good results from learning 
through peer-teaching. This was popular in the Uhlted States at the 
beginning of the 19th century and continued for^ about 20 years. 

When one child teaches another, it is commonly aesumed th^t the 
learning goes both ways; the cn^erlence is at l«fast as benei^cial to 

tead&er as it is to the student. Peer^^totc^g progrw 
biien orga^^ and there has 

bfien federal iatorM during the last few deca^esV iii es^lb^g its 
possibjjiiS^^Jor Afferent subject a^as. Th^se ar^ tommbnly organ- 
ized as formal prog^^mi^ outside of dassroomsi axid there ^^i^^^ 
evidence that peer tutoring is a viable model for leazii&g. 

However, the organization 'and benefits ^f the collaborative work/ 
learning sitUatlbn, or less formal pe.er teaching, that occurs in dass- 
rooms are less well defined^ Gbllaborative work involves individuals 
in jointly producing a project or goal. While many teachers value this 
kind of interactieh' among children, the j^enefit is often expressed in 
terms of learhlng inter^'^tion skills» rather than learning information 
or ^subject matter. 

^e notion that collaboration on work can be an effective learning 
situation is also based on developmental theory. Perhaps the best 
theoretical expression of the idea that ^knowledge is acquired through 
the internalization of social forms is that of VygotsSSfT In his view, 
cognition originates in social interaction and can be described as 
intemaUzed dialogue. The social context supports learning and 
cognitive changes, skills first available and "scaffolded" jointly with 
another person become available at an intrapersonal level. This 
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framework extends to a variety of learning situations*-froin that of 
the formal oladsroom to the more infoMnal .collaborative exchanges. 

What Has Been Claimed, for Learning from* Socially^Based Claesroom 
Organiaatlons ? 

v.." 

Peer teaching and collaboration situations are valued by many teach- 
ers here tMhe United States and elsewhere (e.g., Japan)* A vari- 
ety of ds^s^ have been made about the importance of these types of 
learning contexts*. but very little research has been conducted to 
evaluate these claims. With respect to cognitive issues* there are 
three kinds of daimst 

1. Cognitive skills are enhanced. Children learn better or 
differently. This claim is frequently grounded in Vygotsky*s ideast 
it also appears in recent Piagetian res^^rch. ISonfUct in viewpoints 
can invoke cognitive ehange* piartieulajrly in children transitional 
between stages. Finally* there is the Kmctitonal no^on. thai inquiring 
.icblldren to verbally formulate information improves their understand- 
iing of the material. 

2. Metacognition is enhanced. In a c^Uaborative or peer teach- 
ing context* children lea^ about Reaming. '■ 

3. Children learn something about the nature of information-- 
that it can be represented in different ways and organized flexibly* 
depending upon one's purpose. 

t 

^ith respect to social issues* there are several claims made about the 
' value of this learning contextt ; 

1. It enhances social interaction skills by' facilitating working 
together and thus communicating the value of learning skills for joint 
efforts. 

2. It contributes to children's positive views of themselves and 
their own competence. 

. 3. It teaches children how to make use of resources available to 
them, for help. The classroom is organized so that children are aware 
pf social resources and learn the skills of selecting and obtaining 
help. 

« , 

4. Finally* benefits have been claimed foip the school community 
(as in the 19th century). Encouraging this sort of social organization 
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of work in classrooms Increaseis the amount of individualized instruc- 
tion that 'Occurs* 



But, as noted above, there has been relatively little research done to 
investigate the claiips about the importance and impact of collaborative 
work for learning and learning environments. At the most basic 
level, there is very little known about the occurrence of such social 
foruis in classroom contexts. 

.WheriB Do Microcompttters Come In ? ^ 

As discussed by Roy Pea, we have been working closely with two 
classrooms in order to understand how children learn and work with' 
the Logo programming language, and how^ the technology is incorpo- 
rated into the life of the classroom. I *will discuss the second of 
these topicst the relation of oficrpcomputers to the classroom ays a 
social context » Microcomputers also appeared to offer a particularly 
good opportunity to look closely at the nature of collaborative work 
among children. 

In an earlier survey study conducted by Karen Sheingold and associ- 
ates» it was found tH^t many teachers remarked oh the iodal changes 
occurring in their dassrooms when microed^^uters were introduiedt 
there was mor« peer collaborative work gokg on and more us« of 
childreA as iisourcos for saeh othte. This was som«tMg of a sur- 
prise, given the coiomon. pibttire of the coibputi^ "hacker" as a social 
isolate. But the fa^ that ma^ remarked oh this phenome- 

non interested us, and we decided to puts^le r seHes -of studies 
concerning the sodal featitiTes of microeomputei^ work for children • 

In Addition, th^ are rational reJsons to expect^^at this technology 
would elicit informatioi^^ex^liange among children t the public nature* 
0% the work-rits availabiUiy to any p^ viewer on the vertical 
CRT screen; the explicit nature of the problem steps i the limitation 
of resources for sdilihg psroblems/ in prograimiiing the "videogame" 
culture which normally involves groups of children in play. Every- 
one, , including tfato teachers, was a novice with the machine, and the 
computers ,were a novelty the dassroomi there was no shared 
understanding of expectations for work or curriculum in this area. 

What Did We Want to Find Out ? 

Based on assumptions about the occurrence, nature, and benefits of 
peer collaboration and teaching, we asked a variety of questions in 
our studies .about the organizatibti of learning in the classroom, 
children's working-together skills, and the impact of microcomputers. 
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First* we wanted to know about the occurrence/ number, 'and occa- 
sions of Reer w^rk-rdated interaction'' in tliese dasfsrooms. The 
teachers valued children's w<»rking together, encouraged them to do 
8o» and designated particular times of 4he. day as work periods when 
_ d^^<ni^^dd do th^ own/i^^ work. We documtoted the 
number of peer Interactions/^^^at Occurred in work settings. We 
conducted two observational studies in the classrooms. 

Second, we wmre surprised to xUscover that virtually no literature is 
available whicli examines diildren's understanding of the classroom as 
a ^ work context. This is the place where children spend a large 
portion of their waking hours, and the one which powerfully instructs 
them about the naturb of work in our culture* We felt that it was 
important to understand children's perceptions, Attfderstanding^ and 
preferences about the social organization of fhdr work context. 
Consequently, we interviewed children in each classroom about this at 
the beginning and the end of tbe school year.«' 

Third, we wanted to know more about children's skills in doing 
collaborative work-<^the process of producing Joint solutions to prob- 
lems in both Logo prpgramn^g and other tasks. We videotaped 
sanie-sex pdrs of children sevjeral times over tlie course of the school 
year. The tapes were analyzed to determine the prdblem-solving . 
strategies! and the nature of the interactions that produced the 
results^ In ono study, wq, also wanted to know what individuals 
learned from the Joint effort. 

Finally, the social history of the technobgy In the classroom was 
documented by ethnographic^ observations .over the course' of the 
schod yecuf. How do. the learning context and the curriculum eVolve? 
These observations were suppleniented by regular interviews with 
teache^rs and stud^ts. 

I wo^d like to comment prindpally on the first two issues s the 
occurence of collaborative work in the dassroom, and children's 
vie^s of this work' context. 

/ ■ » 

Fii/st, time-sampled observations were done during work peMods when 
children were engaged with both computer programming tasks and 
i^computer tasks (such as math, language arts, map-making). The 
ibccurrence of task-relati|^ a^d nontask-rdated turns of talk were 
/recorded, as well ad the events of neer teaching or ° collaboration 
(dther verbd or action). One study was conducted over a 6-week 
introductory period at the end of one schod year (before and after 
the cottputers were introduced). The study was replicated, with 
some revisions, over the course of the next schod year. The find- 
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ings were consistent for the two studies: children in both dassrooras 
tended to talk to each other nuch more about their work when they 
were doing progranuning tasks than when they were doing noricom- 
puter ta^s. At both these times, children were free to work with 
someone else or by themselves. In addition* children engaged in 
more coUabor.ative acUvity with computer than with noncomputer 
ta^s* Peer teaching occurred very infrequently in any context* In 
contrast* children did talk to each other when they were woirking on 
other dassroom tasks (e.g.* math); ]^wever* what they talked about 
was often not related to what they were doing (e.g.* vacation* what 
they would have for snack) . 

■ ■ . V ■ ■ 

According to this observational ^work* peer coliaboratibn ahd teaching 
did not occur particularly frequently in these classrooms for tradi- 
tional classroom work* despite the fact that contexts were organized 
tp encourage sudi exchange. It should, be noted that there are 
certain projects that « require collabp»rative effort* such^as putting on a 
play or doing a group mural. However* we were most interested in 
comparisons between tasks (Wne the computer ones) where children 
could choose to do the work either individually or .Collaboratively. 

» ■ ■ ' .. 

The computers appeared *o provide a context where collaborative work 
was supported. We su^et that this was due to a variety of ^things 
(noted above). An explanation based simply on the novelty '1bf the 
tocology can be eliminated because the differences between com- 
puter, and noncomputer tasks persisted over the course of the school 
yearii Ih jiddltioh* it^^^ s^^ be noted that the amount of task-related 
Qxchaingd ietixreen peers did not change over the course of the school 
year for nonbomputer t^ksi there was no general change in this 
aspect of the teaming environment. ^ 



We are currently ^engaged in some studies to determine how different 
aspects M the computer context may support collaborative effofts. 
Other types of observations that we have conducted indicate that 
there are at least three t^^s of Joint pieer engagement with com- 
puters: (1) sustained collaboration on a joiat px»ject} (2) seeking 
help or advice for a problemi and (3) "pit-stopping*" where children 
traveling around the classroom drop in^at a computer "for remarks." 
In all these forms* children provide support for each other in ac- 
complishing their work. 

Second* we wanted to know about children's perceptions of ^this work 
context in general* with particular attention to the presence of the 
microcomputers. In the interviews* we asked . children a series of 
questions about f^ur overall topics: <1) their perceptions of the 
sodjal organization of the learning environment; (2) their preferences 
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lor work arr^gements; (3) their understanding of what made people 
good collaborators or teachers) and (4) their understanding of what 
is involved in the process of collaborative work. Whien the interview 
(iata were analysed qualitatively in order to understand the dimen- 
sions of children's understanding, some overall themes emerged* 
While there was some variation among age groups, several general 
points may be made from this analysis t 

- Children dearly discriminated between occasions for 
working together and atone in their classrooms. For the 
younger cUldren, this varied by subject (ireat research 
and math, were the most ^quently dted occasions for 
working together. AiAong the older children, the occa- 
sions for collaborative versus solitary work varied 
according to both the nature of the work and the subject 
area. For example, some children reported that joint 
work occurred when something was particularly difficult 
(they'd ask questiofis of a peer), or when the work was 
mechanical. 

- Most children had clear preferences for, working alone or 
with someone else. While • some always want<bd to work 
alone and a few always preferred a partner, most children 
offered criteria for %hen onOv W the^o was* " 
preferred. References for foUtary work were; dominated 
by a concern for getting something done with >^eed and 
effideney, for not wanting td take. time to eiEplaln to or 
negotiate with someone etse. , 3bme aM I^Tt that working 
with someone else had an aura of cheating about it— you 
shouldn't let iikp teach<sr^ know jroU're doing it. In addi- 
tion, some children felt possessive about their work or 
ideas and did not want to share them with another per- 
son. * 



Preferences^ for working with someone else were domi- 
liated by social concerns (6.g«, more fun, you can be 
^th a friend), or by antidpating ^^casiohs when you 
know you're goinjg to need hdp with something (the other 
person can provide hdp and/or ideas). Thus, children 
tended to see collaborative #ork as' appropriate on two 
kinds of occadonss (1) when the primary activity was 
social (fooling around, having fun)} or (2) when help was 
needed with a pairticular aspect of something being done 
by a single person. In this latter case, children asked 
for information rather than for collaborative assistance. 
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tion as the jolxit effort to learn or produ(;e something as a 
sustained interaction* 

Children tended to dislike being assigned to collaborative 
work by the teacher, both for reasons of mismatch be- 
tween people' (one of the main reasons for working to- 
gether is that it's niore fun with a fHend), and because 
of inferred teacher intent (some suspected that, in mak- 
ing assignments, the teacher was trying to encourage 
social relationships between diUdi^en, haviii|; nothing to 
do with getting the work done efficiently)./ 

Most children had relatively sophisticated notions about 
the characteristice of good collaborators or helpers, and 
what was entailed in the process of good collaborative 
work or helping efforts. For example, the ability to 
explain was the most frequently cited asset of a good 
helper, someone yott go to' for assistance ("You can know 
3, lot and be a friend and still not be able to help"; 
"You have to be able to say it well"). In addition, age 
made a differences teachers pr adults were, the source, of 
information about "big" things (such as explaining how 
something works), whereas peers could help with more 
limited things (such as how to spell a word). Good 
explanation involved a combination of ideas about .telling 
and demonstrating t it is done in a way that aliows th^ 
learner to understaindi that is, the "teacher" takes into 
account what the learner already knows. 

With respect to the presence of computers, most children 
reported that ^t^ was k context, more than any other, 
where children worked together and would go to each 
other for help. Indeed* many of the programs and 
projects produced were ^oint efforts to some degree. 
This is probably due to several thlngst First, it w&s a 
new subject for everybody, and different children had 
different "podcets" of knowledge about features of the 
programming language; they, traded information and 
programs fairly freely. Second, there were limited teach- 
ing resources— on« teacher for six machines— so if you 
dldnjt want to wm^ in line with your problem, you found 
help elsewhere. Third,- while it is unusual to have six 
machines in a classroom, it is still a' limited resource in a 
class of 25— children could share their computer time with 
each other, and therefore work more. Fourth, as dis- 
cussed above, features of computer tasks seem to support 
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collaborative engagement. Finally, the computers had not 
yet been adopted as a legitimate dasl^room subject! thus, 
their status with respect to the efficient work/fun dis- 
tinction had not been established. At the beginning, the 
kids thought of them as game devices. 

There is tomething of a contradictida in this group of findings (the 
^observations and interviews) which reflects, I think, some implicit 
contradiction in the communicated purpose and value of collaborative 
work. Overall, children have « fairly sophisticated understanding of 
the social organization of their learning context^ what collaborative 
and hewing efforts are all about* However, our observational data 
indicate that they do not frequently engage in such activity. In 
addition, the interviews indicate tiiat many children are not, clear 
about the value of collaboration in getting something done— working 
together may make the effort more fun, but probably hinders ^tting^ 
the work done effi^^atly. Thus, children know what this, work form 
is, but don't doy^Mot of i| because there appear to be other priorities, 
in the learning context. 

However, the observational and interview .studies demonstrate that the 
computers are a comtext in which children engage In and appear to 
value the effectiviuiess of collaborative work In getting something 
done^ The technology, therefore, offefs the possibility of a class- 
room learning '^ntext where efficient collaborative activity might 
occur with some frequency. As Cindy Char will discuss further, the * 
technology only offers a framework. The learning opportunities 
available to children hinge on the ways that teachers choose to use 
them. ' t 

I want to end on a speculative note. The frequency of collaborative 
activity with computers may^so, in part, be related to the indeter- 
minate status that the computer activity had in the dassroomst Is It 
legitimate, accountable work for which Individuals are responsible, or; 
is It iupplementary, fun activity? The teachers were unclear abouj^^ 
the' computers and programming as a- part of the curriculum and 
modified their views as the year progressed. In general, however, 
throughout the year the chil^en were not held responsible for learn- 
ing and knowing particular aspects of the language) featiures were 
learned as they^ became necessary' for projects. The computer "subp 
Ject' did not have the same status as the other currieular areas ih 
terms of required knowledge or legitimacy* and the kids tended ^ 
view it as a' supplementary activity. The observed joktness of thjis 
activity may then be partly related to an historical accidents coob- 
I>uters/programmlng are new arrivals In classrooms. The r0te of t^e 
computers and accompanying software in terms of legitimate work has 
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to be determined* As the computers acquire the same status as other 
subject areas, the individual work responsibility associated with such 
knowing may have an impact on the organisation of. the learning 
context for the technology* 
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REI^RCH AND DESIGIN ISSUES boNCERNING THE DEVELOPMENT 
OF EDUCATIONAL SOFTWARE FOR CHILDREN*, » 



Cynthia A. Char 

Center for Children and Technology 
Bank Street College of Education, 



I would liljie to discuss a number of different research and design 
issues that need to be considered when creating educational software 
^for dassroom use by children. My comments stem from a fieldtest 
e^luation that was . C9nducted on three types of innoyatiVe software 
-created at Bank Street College » which were produced as part of a 
multime^ oirriculudi package on science and mathematics for fourth 
through liixth graders. 

At the Project in Science and Mathematics Education, we are produc- 
ing a television CMBries, microcomputer software, print materials and,' 
eventually, videodiscs that provide an ikitegrated approach to science 
and math instruc^n.. At the ' core of , the ProjOct is a 26-episode 
dramatic .series for television, cafied" "The Voyage of the Mimi." Th^ 
series foUows the adventured of* two young ;scietttists and their teen- 
aged crew who are studying whales while aboard a research vessel. 
Uke other media components of the Project, the series is designed to 
provide itiients^with an stppesUng and compelling View of w^at it is 
like to do science and to be sdentists, mid how mathematics and 
technology can be used in sdentiflc inquiry. 

In order to engage children In some of the w^ys computers are used 
in ^e world by adults, three different 'types of software have been 
developed to accoippany the televisioifi series. One software piece. 
Probe, displays the computer's usefulness in data coUectioh and 
representation and, at present* is a software package for measuring 
and graphing temperature data. Eventually, the software will be able 
to gathi^ data on light and sound as well. The second piece of soft- 
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ware; Rescue Mission, is a navigation game that illustrates the com- 
puter's use. for simulation. It. motivates students to apply such skills 
as map reading and mathematical knowledge of scale, degrees, and 
angles to the, real-world problem of bcean navigation. The third type 
of software consist^ of two games. Whale Search and Treasure Hunt, 
which introduce ^e notion of programming to .children. To play 
these games, children must learn the basic commands of the Logo 
language to move their, "ship" about the computer screen, either to 
reach a. trapped,, netted inhale or some hidden treasure. Given the 
limited computer resources that exist in most schools, all four soft- 
ware pieces were designed for use by more than one student at any 
given time; for exampte^ the-Jiavigation- simulation game can accommo- 
'date~up--t©^2-etttdeflr placers at a time. / 

Evaluating sbftware designed foi^ school use, as opposed to home use, 
had certain iinplications for the way we went about studying the 
effectiveness of the software. First, we were interested in seeing 
how the materials were used in natural classroom grpupings and set- 
tings, rather than by individual or small groups of children outside 
the classroom. Second, we placed a special focus on teachers and 
their role. in the classroom, rather thian an emphasis only on children 
and their, reactions to the software. We were particularly intej^sted 
in seeing how teachers viewed^ our— matertals^ made 'decisions about 
how to use^them, and evaluated the. software experience. 

In order to take an intensive look at how computers are used in 
classrooms, and how software use is affected by teachers' views and 
roles, w6 conducted a fieldtest using a case-study approach. Thir- 
teen classrooms, drawn from seven schools in^^ the New York metropol- 
itan area, participated in the fieldtest. All the classrooms were in 
th» Prefect's targeted age group of fourth through sixth grade,' and 
were diverse ^th respect to ethnic, class, and urban /suburban 
variables.^ The fieldtest was unstructured so as to give teachers' 
flexibility in using the materials, and in their selection and organ- 
ization of classroom lessons. 

To evaluate t|ie effectiveness of our software, three different aspects 
of the materials needed to be examined: comprehensibility, appekl, 
and usability* Furthermore, we wished to address eaqli of these 
aspects Irom the perspectives of teachers, students, and our own 
staff of researchers. For example, in order to obtain a collective 
picture of student comprehension of a piece of software, teachers 
were asked what aspects seemed unclear to students; students were 
asked what questions they had about the materials; and students were 
administered a written tost focusing on specific software tasks which 
we, as researchers, felt might, be problematical for children. 
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Seven different types of meas.ures were used in the fieldtest. These 
included ' classroom observations* student and teacher interviews* 
written • foms where teachers dej^cribed and evaluated the Project 
activities used each day, lo^-in bjooks where students recorded their 
names and time spent at the computer, evaluation forms where stu* 
dents indicated their reactions regarding the software's appeal and 
conprehensibility, and teacher background information forms where 
teachers described their past teaching experiences and the science 
and mathematics instruction in their currient classrooms. There were 
three .different versions of each measure, one version for each .type 
of software. ' " 

The most striking finding of the fieldtest w&s the considerable range 
of use of the software in different classrooms. Some of these differ- * 
ences were quantitative, suph as the propetrtion of students in a class 
having access to the computer, an^ the amount, of time each student 
used the software. Other differences were qualitative, such as the 
degree and ,ty|ie of teacher involvement in« the software experience, 
and the ways teachers organized their classrooms to a^w some chil- 
dren to work on the computer while others were engaged in noncom- 
•puter activities. For 'example, for the temperature gathering and 
graphing software, some teachers assumed the role of 'demonstrator, 
thereby engaging. the whole class but lim|tilig tiie amount of hands-on 
time students had with the computer. Other teachers chose a less 
central role and acted as resource persons for students working 
independently on temperature experiments at the computer. .Still ^ 
others acted , as "software managers" and mainly ensured that the 
sttidcmts had the necessary tnaterials, that the software was working 
properly, and that students were taking turns in a relatively fair 
manner. 

• / * ' 

The amouht and the way software was used in classrooms appeared to 
be greatly influenced by two factors. The first factor involved 
cbinputer and teacher resources, ' and the ratio between students and 
-computers and between students and 'teachers. In classes with more 
thah one computer or with regular access to a computer, proportion- 
ately more students were able to use the software for longer periods 
of time, and were able to take greater advantage of the learning 
experiences afforded by t^e software. Similarly, in classrooms where 
there were only 15 to 20 students, as opposed to 35, teachers were 
able to take a more active role in the software experience— not as 
demonstrators, but as active' participants who could facilitate and 
monitor chilcken's progress with, the software. 

The second factor involved teachers' prior training in and perceptions 
of science, mathematics, or computers. For example, some of the 
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teachers who used the temperature graphing software were those who 
had had previous training in science, and who taught science as a 
stsquentlal and coherent curriculum, emphasizing experimentation. 
Taese teachers tended /co find the softw^ very useful, recognized 
its many applications, ° and allowed children to work as teams of 
scientists and rotate through the computer station to gather data for 
their temperature experiments. In contrast, other teachers partid- 
patiag in the fieldtest had little formal training in science. They 
taught In schools with little emphasis on science instruction, and 
usually taught science as a series of lessons. on' various topics such 
as plants or animals. ' These teachers also liked the temperature 
software, but had difficulty seeing it as a flesable data-gathering and 
graphing ,toolj they were less able to generate activities and experi- 
mental contexts, for the software beyond those pi^ovided in the 
manual. They also seemed to be less able to foUow through with 
student questions about heat and (.temperature, or to notice when 
children were having conceptual problems with the software. 

■ ' '* • # 

v.. • 

Interestingly, computer experience per se on the part of teachers did 
not guarantee software "success.*^ One of the teachers who used the 
navigation simulation was a math teacher with prior experience in 
teaching children computer programming, but didn't know quite what" 
to make of the software. Hi chose not to become actively involved in 
monitoring or facilitating students* progress with the simulation, 
having viewed it as an experiential learning activity with a self- 
sufficient and self-contained context. H{ also felt that the software 
was (designed .to teach nayi'gation, rather than map-reading skills and 
math conc^ts such as angles^ degrees, measurement and triangula- 
tion. Stated another way, he felt that navigation was the curriculum 
"content, rather thar, the vehicle through which to teach various math 
skills. Thus, our simulation and temperature gathering software may 
fall in a curious spot somewhere between structured CAI and com- 
puter programming, and may not automatically rest in a conceptual 
"niche" of computer experiences commonly found in schools. 

What are the software design implications of these fiij^gs? First, to 
address the scarce computer resources and less-than-optimal student- 
teacher ratios found in most' schools, it is important to begin creating 
software which can be used by" more than one child at a time, and 
which allows students to work in a collaborative fashion independent 
of the teacher. To ensure effective use of tl^e software, its compre- 
hensibility to students needs to be addressed at a variety of levels 
—from^, their understanding of the text and graphics presentee^ on 
each, screen, to' their understanding of the software's general objec- 
tive, the purpose of each menu item, and how to "get around" the 
program. Com^ehension can be facilitated by paying careful atten- 




■ tion to the way specific screens are designed* programs are struc- 
jture4» and student/ teacher manuals are written, with obvious advan- 
tages inherent |n software and manuals which incorporate various skill 
and conceptual levels. 

If softwa)*e is designed to meet this range of student needs, teachers 
wiU be better able to work with students at a higher level of learning 
strategies and outcomes, and to he^ them make connections to other. 
Olassroom activities, rather than having to explain specific text on the 
screen or what key to press. Teachers will also be freer to work 
with students engaged in noncon^uter activities* Furthermore, such 
software will allow students to help each other and to solve problems 
by themselves, fostering^ collaborative work^ as well as possibly 
speeding up 'students' time at the k<Byboard, thus providing a greater 
number of student turns at the computer . , 

To adcress the needs of teachers with limited training in or narrower, 
views of science, mathematics, and computers, one should provide 
^teachers with a conceptual framework for the soft^rSre. This frame- 
work should describe the software's approach, educational objectives, 
and specific math and, science skills and concepts, as well as outline 
connections to _o0ier-activlties and materials in science, math, and 
-otfa^ ~8U&|ecr areas. ThiSn could be done in a teacher manual or 
guide, or as part of a videotape or ^tten presentation for teacher 
training sessions. Background material on various math and science 
content areas or references should also be available in 'the teacher's 
guide. 

These design implications are currently being incorporated into the 
development of' the Prefect software, which will undergo revision 
before bdng subjected to yet another round of ^formative testing in 
schools* Also under way are plans^for the Project's teacher training 
component, which will address the iinportance of teacheris and their 
role in classrooms when trying to implement innovative uses of educa- 
tional software. With educational software and the presence of com- 
puters in. schools still in their infancy, it Jis difflciilt for software 
developers to utilize the computer's graphic 'and interactive capacities 
and t^e students along new and exciting educational avenues, while 
still being sensitive and accountable to the needs and interests of ^ 
teachers. The Project in Science and Mathematics. Education, with its ' 
staff of producers, curriculum specialists, and res^iarchers, models an 
attetnpt to bridge the worlds pf the* software designer, the educational 
visionary, and the classroom teacher. It is our view that we, along 
with others, should continue this pursuit to create innovative educa- 
tional software that can be used in classrooms today, while exploring 
new directions for software to be used in the classrooms of the 
future. 
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The opening remarks by Karen Sheingold are very appropriate. When 
talking about a new medium of instruction» we are dealing with a 
changing and change-making entity Both Midian Kurland and Janet 
Kane pointed to examples of the tendency fqr people to think about 
and use this new medium in much the wmft way that they used the 
previous one (Midian focused on teachers* Janet on students), « 

People naturally treat a new technological development like the older 
one it replaces sinc^ that is the easiest thing to do. But no new 
development has exactly the prc^erties of the old} thus, we get 
ini^propriate transfer and unexpected side effects. Let us take as 
an exainple the devebpment of tbe >utom^ Initially* this develop* 
ment wis- caUed "horseless caur^ in terms of the previous 

technology. Some early autcmdbiles even had buggy whip holders. 
Very few early developers foresaw drlvein moyi^s lor the impact on 
adolescent sexuality. 

Much of the esrly (and current) educational software still contain the 
vestiges of books and workbooks. The teost extreme examples are the 
dzill-and*practice programs that draw the outline of a book on the 
screen. Similarly, we are beginning to see unexpected side effects of 
computer use. Midian raised the issue of how spelling checkers 
should be used in the udassroom* pointing to the w^ys in whicl\^they 
might modify our whole notion of the importance of spelling. Yet, we 
have found tha/t, at least in the short term, spelling checkers actually 
increase a writer's concern for spelling, since they reduce the prob- 
lem of checking a long tex^for errors to a more manageable one of 
checking a few words. 

There are many metaphors for thinking about computers. '^The one 
mentioned most often in this symposium is that of "computer as intel- 
lectual tod." This metaphor certainly sheds new light on the endless 
^discussions of "which computer language is better." Which tool is 
better, a screwdriver or a hammer? Certainly, that question depends 
on whether your goal is to fasten , with nails .or screws. 




The "tool" metaphor is also useful in understanding the research on 
Logo use reported by Roy Pea and Jan Hawkips, and the work on 
writing reported by Janet Kane. Tools alone don*t make a craftsman. 
A ^d provided with the finest workshop in the world may craft 
some interesting projects* but will most likely get bored and leave the 
tOQ^s lying about to rust and gather dust. ^ 

What is needed for effective tool use? Craftsmen are made in appren* 
.ticeships, not jue|t. workshops. In order to have learners acquire 
eacpertise in (and thus control over) these new instructional* artistic* 
end coinmunications media* we must provide social systiBms^-leamlng 
environments within which novices can progress to escpertise in some 
systematic way* and be gi^en technological suppoti along the way. ' 

For example* several' studies— including those retported by Jan 
Hawkins ^d Cindy Char-'-have pointed to the importance of peer 
interaction for effective computer use. The rapid rater of techno- 
logical change created the anomaly that Expertise is widjtly distributed 
in the classroom* instead of the more usual linear ordering of teacher 
-> smaH students middle students *> duaib students* We find that 
many students know things that their tdacherd don't* and that the 
linear ordering of student^ shifts a$ diffe^aat students acquire dif- 
ferent kinds of expertise. New kinds of learning environments are 
needed to cope with this new educational reality. 

A provdcative point raised at the end of Jan Hawkins' paper raises 
the "specter" of the Hawthorne Effect. Will the rich peer interaction 
found with current coBBputer use just b^ a tran^tory effect* disap- 
pearing when computers beconie so institutionalized that their u^e is 
seen by both teachers and students as classroom "work*^? 

In summing up* I want to make two points. First* the Hawthorne 
Effect is one of the largest effects in the social sciences i therefore, 
we should go with it as far as it takes us in the direction of effective 
educational uses of computers. Second* the rate of underlying tcch*;^ 
nological change is much faster tHan the institutional change to ac- 
commodate to it. What may distinguish the computer from previous 
new educational technologies (which have a pretty dismal record of 
failing to make substantive change) is that we may have at least 
several decades of a continual Hawthorne Effect. This "meta- 
Hawthome" effect i V^es that we have to take seriously the deeper 
implications for edu^ ^n of this chameleon* even as it changes colors 
under our very eyes. 
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One of the dreans of any experimental science is to. achieve. that state 
of grace often ealltd "prediction and .control." The way that people 
Attempt to do this is dearly to specify a set of conditions and a set 
of condition-relevant re^onses, and to demonstrate some dear contin- 
gendes linking the tpo. This desire for orderliness seems to be 
shared by anyone opl^g for the eacperimental approach whether their 
theoreticsl predilections ase strueturaly functional, or somewhere in 
between. What varies among' thieorists are the specifications as to 
what constitutes a relevant desctip^on of the stimulus, stimulus- 
retevant response . and contingency . The issue that divides' us is the 
"4opth" of representation of theje dements (surface structure vs. 
deep struf^ure). / 

We have ha<l a long history .of pursuing this dream, and time and time 
.again have fallen afidul of the. way that human subjects seem to go 
about their affairs. It seems that the probletn stems ^'om the fact 
thsb humans (at the least) reeode th^ einvirOnment, and offer re- 
sponses that hflive soi&e meaning to the respondent that may not be 
shared by the experimental paradigo^. Clifford Geertz has eloquently 
described this state of , affairs and, has pointed out that we need what 
Ryls has called "thick descr^tion';" or an interpretive (as opposed to 
an experimental) q)proach in order to adequately understand human 
phenomena. It seems that people have intentions and significances, 
and this louses up predictability. X am vastly reassured that we seem 
to be running into this problem again in computerland. 

It seems to me that alJ ^he papers in. this symposit^m attest to the 
fundamentd indeterminacy relationships that intervene when we try to 
talk of computers and iheir organizationd demands as providing 
stimulus grist for a cognitive miU^ What the papers seem to attest to 
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is that the claims of structuralist true believers have to bow to the 
fundamental problem posed by human meaning-making abii^ties. 

a 

As the issue seems to have been put at the outset of this project* is 
that the eon^uter poses fundamentally new pppotfcunities . for and 
demands on the child. At the social level* the computer screen is 
"public*' capable of being commonly oriented to by more than one 
child. At the cognitive level* the programming of a computer neces- 
sitates the deeompo^tion of ordinary experiences into subunits and 
constituent parts* and the skill to recompose the parts into well- 
structured* well-sequeneed wholes. . Aditttionally* since computer 
work is "lightweight" (not requiring physical enactment before a 
result is known) and "flexible' (sllowing for easy rearrangement and 
redoing of steps)* <nie might expect increasing flexibility of thought 
to ensue. >v. 

The logic of these expectations is that there may bo some direct 
mapping between the design characteristics (isf the con^uter environ- 
ment and the design characteristics of the cognitive structures and 
patiems of social interaction tiiat kids in compulerland might show. 
■ Whether .one opts fbr an acquisition modpl stressing 'structure extrac- 
tion*" "pattern recognitton*" or a model that is tsore interactive and 
stresses environmentally constrained interaction and construction 
based on that* there is* at ths least* the general expectation of a 
partial isomorphism of coniputer and child thought and action. 

* . 9 

In the aggregate* «the results reported here suggest tiiat these expec- 
tations have not* at least as yet* been borne out. In the main* it 
seems aS though the computer and its created environment have been 
assimilated to the ways that kids usually go about doing things. 
Thus* the word processor is used as one would a fancy typewriter* 
with normal patterns of writing and composition being maintained 
despite the text-rearrHngement features imiquely. afforded by the 
word processor. Similarly* the opportunity for jointly attending to a 
common* publicly shared intellectual problem is not taken up; rather* 
it is sodal interfkctton as usual (with maybe a little more noise). 
Finally* it ssems that the cognitive gains expectable from program- 
aiing*s organisational opportunities and demands do not show up or 
carry over to ^ planning abilities nor* to go even further* are the 
organizational possibilities within programming themselves exploited. 

4 

It stB^s that, the new and extraordinary environment provided by the 
computer is assimilated to ordinary ways of doing things. Why? 

There is one way of seeing these results as not particularly unex- 
pected. The Ptagetian concept of assimilation, in one of its "read- 
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Ings," can be s^pUed heire. In one sense, assimilation is a very 
conservative concept, indicating that the organism will initially treat 
anything new as 'ui' instance of the old. In, other words, we might 
expe^iet that an ordinary structure of actions would be applied to new 
donalnci of activlty> 

To go further with the Piagetiani analogy, we would expect accommo- 
dation to occur when the ordinary structure of assimilatory actions 
does not, and cannot, work. • 

Any Pia^etian reading the paragraphs above would recognize that the 
description of assimilation and accommodatUn only partially relates to 
Piaget'8 meanings. Within Piaget's theory, assimilation has often been 
accorded an active* "discovering" role in the p|phic economy. As 
used in concert with Baldwin's notion of "circular^ reaction," assimi- 
lation is seen as a principle whereby a succession of known actions is 
applied to a common object, thus creating the possibility of the or- 
ganization of schemes (actions) with respect to one another, modified 
and constrained by the nature of the environment (the* accommodative 
aspect). Seen in this way, assimilation is an exceedingly important 
principle, accounting for knowlecige ^hich * transcends the surface 
appe^ance of things and which is highly structured at a deep level. 
(Here, the added principle of reflective abstraction also allows for tlie 
orsanization of actions to be reflected * upon and the pattern of these 
actions to be extracted as a sti^ctural principle.) 

The results presented in this symposium serve elegantly to point out " 
Xhe conceptual tension that exists between, the two notions of assimir 
lationt the conseri^tive and the progressive. The project was 
gen^ted within the conceptual framework that stressed the progres- 
sive, self-d^covpry notion of ^assimilation. The results suggest the 
conservative in^terpretation of the concept. 

1 have no doubts thai^ both notions apply*.. somewhere. The problem 
we face is the need to develop concepts that can help us to gain the 
needed ana^tical power to understand when they ^HtSl apply, and 
where. 

V 

I can only make some suggestions here.-^ First, it seems that assimi- 
lation combines two elements— the element of patterned action or 
scheme, and the element of intention (the use to which the scheme is 
put). I believe that most treatments of assimilation have given major 
weight to the actioxf structure. This must be corrected by giving 
sufficient weight to the intentional aspect. While actions can be 
"structured" by the environment (or at least severely constrained by 
it), intentions can only be somewhat and partially impacted on by the 



environinent (by setting up . the environinent> to invite certain kinds of 
actions)* but it is not completely determined by it (people who can 
turn down invitations and even throw. their own parties). 



If we recognize the intentional aspect and its partial iincontrollability 
(and h«in^ its indeterminacy) • then it is incumbent ^n us (as re- 
searchers of behavior) to include m^^^rements in our research that ' 
can allow us to* understand more fufif^ what people are "up to" when 
they are "up to" it. In other words* we need anchor point measure^, 
ments w)bich might allow us to understand the goals ^at a subject is 
pursuing. The point here is that an understanding of goals is impor- 
tant before any structural predictions can be made. This point has 
been discussed in detail in^a paper delivered elsewhere (Click. 1983). 

A second feature .of the reorientation toward goals is a reconcep- 



structured stimulus environment whose structure would eventually, 
occasion changes in the cogiUtive and social structure of idds. 
Ultimately some form of. isomorphism between computer and kid 
procedural rules was expected. ^ 

A revised view of this is presented in the papers by Kurland and 
Bamberger. In these papers* the computer is not regarded as a 
structure* but rather as a tool. The. focus is on the new things 
about the world that can be revealed (perhaps uniquely) by the 
computer as toed. Thus* rather than being the topic of cognition* 
the computer is seen as its tool. In this view* the computer becomes 
a source of new kinds of information* revealing nonobvious features 
of otir experienced world* much in the way that a microscope might 
open up hitherto unimagined worlds. Bamberger's paper* in partic- 
ular* exposes this sort of phenomenon. 

In opposing the structure view and the tool-yiew of the computer* we 
can gafii some purchase on what may have been going on in the 
project reported on today. It seems that the cbmputer-as-structure 
view conceives oClhe computer and its sof^are as an. environment for 
learning that teaches about iteelf . This view regards the computer 
environment as sufficiently rich to be«itiself an object of inquiry (and 
hencfll^a rich field for discovering progressive assimilation).^ There is 
very little in the data presented here to support this view. U the 
computer itself is not a learning topic for the child *> and we have 
oriented our measures to text for the learning of computer as topic* 
all that we can see is conservative assimilation. For* in the failure of 
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th« child to pick up thci new structure, we also see the assimilation of 
the new structure to old ways of doing things. 

However* if we look at the computer as a tool and not as a lesson 
about itself, we might be able to understand its impact in a different 
way. Under the aegis of this thrust, we would take seriously aa^ a 
research topic the documentation of the impact of the informafion 
encountered through the computer. As Bamberger has done, we 
would want to know about t^ novel form of representation that is 
necessitated by representation to a computer. This need not be 
seen bs a^^ radical restructuring of thought, but rather as a re- 
structuring o| information. 

Additionally, we might, . by reconceptualizing the problem and 
recognizing that it is the intention to know about that governs what 
will be learned, begin to think^-ol^ays that the structure of the 
computer caii be made^ to be a topic for Je4ming. If we drop the 
pretense that computemess will automatically Ibr ^picked up," then we 
cui seriously consider how it can be taught. ' \ 

Some of this has been already touched on and signaled by the papers 
presented in this symposium. But much more needs to be done to 
explore more deeply the relationships between computers, kids, and 
cognition* V 
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